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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-501 
APOLLO 4 MISSION 


By 
Saturn Flight Evaluation Working Group 
George C. Marshall Space Flight Center 
ABSTRACT 


saturn V AS-501 (Apollo 4 Mission) was launched at 0700:01 Eastern Standard 
Time on November 9, 1967 from KSC LC39, Pad A. The vehicle lifted off on 
Schedule, on a launch azimuth of 90 degrees east of north and rolled to a 
flight azimuth of 72 degrees east of north. The actual trajectory was near 
nominal. | 


All major systems performed within design limits and close to predicted 
values throughout flight. Although no malfunctions or deviations occurred 
that adversely affected flight or mission, certain refinements for future 
flights are indicated in camera coverage, S-IVB CVS instrumentation, S-IC 
propulsion, S-II propulsion, and S-IVB propulsion. | 


Any questions or comments pertaining to the information contained in this 
report are invited and should be directed to: 


Director, George C. Marshall Space Flight Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation Working Group 
R-AERO-F (Phone 876-4575) 
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Right ascension of ascending node 
True anomaly 

Mean Sidereal time 

Azimuth of space-fixed velocity 
Elevation of space-fixed velocity 


Components of gravitational-acceleration in the 


X_, Y., Z. system. 


S° "S 
Components of gravitational velocity in the 


X.5 Y.5 Z. system 


SS 5S 

Angle-of-attack, pitch plane 
Angle-of-attack, yaw plane 

Pitch, yaw, Q-ball angle of attack 


X-accelerometer g-sensitive error (due to 
acceleration along output axis) 


XXXV 


UNIT 


km 
Dimensionless 


deg 
deg 
deg 
deg 
deg 
deg 


m/s 


m/s 
deg 
deg 


deg 


deg/hr/g 


DEFINITION 
Y-accelerometer g-sensitive error (due to 
acceleration along output axis) 


Z-accelerometer g-sensitive errar (due to 
acceleration along output axis) 


X-accelerometer g-sensitive error (due to 
acceleration along spin reference axis) 


Y-accelerometer g-sensitive error (due to 
acceleration along spin reference axis) 


Z-accelerometer g-sensitive error (due to 
acceleration along spin reference axis) 


Telemetered angle of engine deflection, 
pitch 


Telemetered angle of engine deflection, yaw 


Average angle of engine deflection, pitch 
Average angle of engine deflection, yaw 
Cant angle of outboard engine 


Cant angle of inboard engine 
Pitch control acceleration 


Yaw control acceleration 


Initial platform (yaw) leveling error about 
the range (Z) axis. Positive when cross 
range (Y) accelerometer is rotated to give 
a negative output of the cross range (Y) 
accelerometer 


Initial azimuth alignment (rol]) error. 
Positive when the azimuth is less than the 
prescribed azimuth 


Initial platform (pitch) leveling error about 
the cross range (y) axis. Positive when the 
range (Z) accelerometer is rotated to give a 
positive output of the range (Z) accelerometer 
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UNIT 


deg/hr/g 
deg/hr/g 
deg/hr/g 
deg/hr/g 


deg/hr/g 
deg 


deg 


deg 
deg 
deg 
deg 


deg 


deg 


deg 


SYMBOL DEFINITION UNIT 


Cre 


Constant platform drift rate about the range 
(2) axis. Signs. are consistent with leveling 
error, 6,. deg/hr 


§ Constant platform drift rate about the alti- 

i we 8S tude (X) axis. Signs are consistent with 

Lees azimuth alignment error, ve deg/hr 
§ Constant platform drift rate about the cross 

range (Y) axis. Signs are consistent with | 
leveling error, 6: deg/hr 


Platform g-dependent drift about the range 
(Z) axis proportional to the range (Z) 
acceleration. deg/hr/g 


Platform g-dependent drift about the range 
(Z) axis proportional to the altitude (x) 
acceleration. deg/hr/g 


Platforiti g-dependent drift about the alti- 
tude (X) axis proportional to the range (Z) 
acceleration. deg/hr/g 


UE: 


ee Platform g-dependent drift about the alti- 

tude (X) axis proportional to the altitude | 
(X) acceleration. | deg/hr/g 
Platform g-dependent drift about the cross 

range (Y) axis proportional to the range 

(Z) acceleration. deg/hr/g 
ogo. Platform g-dependent drift about the cross 

range (Y) axis proportional to the altitude 

(X) acceleration. deg/hr/g 


Sy yz Platform gimbal angles deg 


bp y. p Body-fixed rate gyro control signals deg/s 


p yp Pitch, yaw, roll vehicle attitude error 
a Signals (ladder output) deg 
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FLIGHT TEST SUMMARY 


Saturn V Space Vehicle AS-501 (Apollo 4 Mission), first of the Saturn V 
series vehicles, was launched at 07:00:01 EST on November 9, 1967, and plac 
Apollo Spacecraft 017 in orbit. The flight was the first in a series of R&l 
test flights in which the primary objective is to qualify the Saturn V laun 
vehicles, the Apollo spacecraft, and the ground systems for the Lunar Landi 
Mission. Three highly significant milestones were successfully achieved on 
this mission; the first flight of the S-IC stage, the first flight of the 
S-II stage, and the re-ignition in orbit of the S-IVB stage. All mission 
objectives as listed in Appendix C were achieved. | 


AS-501 was launched from Complex 39, Pad A at Cape Kennedy, Florida, on 
schedule. Two unscheduled holds occurred because of: 1) minor difficultie 
causing Taunch operations to fall behind the clock, and 2) a range safety 
command receiver check difficulty. The 3 hours and 59 minutes lost by thes 
unscheduled holds were absorbed by the 7.5 hours of scheduled hold time. N 
recycling of the count was required because of these holds. 


The vehicle was launched on an azimuth of 90 degrees east of north and afte 
11.06 seconds of vertical flight, (which included a small yaw maneuver for 
tower clearance) AS-501 began to roll into a flight azimuth of 72 degrees 
east of north. The actual trajectory of AS-501 was close to nominal. The 
space-fixed velocity at S-IC OECO was 19.80 m/s (64.96 ft/s) lower than 
nominal. At S-IIl cutoff it was 38.61 m/s (126.67 ft/s) lower than nominal 
and 1.24 m/s (4.06 ft/s) lower than nominal at S-IVB first burn cutoff. At 
S-IVB first burn cutoff the altitude was 1.17 kilometers (0.63 n mi) higher 
than nominal and the surface range was 44.17 kilometers (23.85 n mi) greate 
than nominal. The cross range velocity deviated 1.52 m/s (4.99 £05). CO50h 
right of nominal at S-IVB first burn cutoff. At waiting orbit injection 
the actual values of the targeting parameters were very close to nominal. 
The eccentricity was 0.0028 less than nominal, the inclination was 0.011 
degrees less than nominal, the node was 0,004 degrees greater than nominal 
and C3 was 187,669 m@/s@ (2,020,050 ft2/s¢) less than nominal. At waiting 
orbit injection the total space-fixed velocity was 11.4 m/s (37.4 ft/s) 
greater than nominal and the altitude was 24.25 kilometers (13.09 n mi) 


Tess than nominal. 


All S-IC stage propulsion systems performed satisfactorily throughout fligh 
The stage thrust and propellant flowrates were 0.41 percent and 0.80 percer 
higher, and the specific impulse was 0.39 percent lower than predicted, 
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based upon flight simulation results. Stage reconstruction indicated that 
the thrust was 0.6 percent higher and the specific impulse and flowrate 
were 0.19 and 0.233 percent lower than predicted respectively. Inboard 
engine cutoff occurred approximately as predicted, and outboard engine 
cutoff occurred 1.13 seconds earlier than predicted. Outboard engine 
cutoff was initiated by LOX depletion. 


The S-II propulsion system operation was satisfactory. On the basis of 
Flight simulation, the overall average S-II stage thrust and mass loss 
rate were 1.17 percent and 1.30 percent lower than predicted respectively. 
The specific impulse was higher by 0.14 percent during high mixture ratio 
operation. At the 60 second time slice the stage reconstruction showed the 
thrust and mass loss rate to be 1.4 and 1.7 percent lower than predicted, 
and the specific impulse to be 0.23 percent higher than predicted. The 
a propellant management system performed satisfactorily. Because of lower 
es than predicted propellant flowrates and mixture ratios during the high 
rote Sor ES EMR portion of S-II operation, PU step time was later than predicted by 
arn ae 15 seconds| but well within the allowable of + 50 seconds. S-II burn time 
eee Was approximately five seconds longer than predicted due to low propel lant 
flowrates and a lower than predicted reference mixture ratio (RMR) setting. 
All supporting subsystems performed satisfactorily. However, some out-of- 
band behavior did occur as discussed in Section 6. 


The S-IVB Stage propulsion system performance was satisfactory throughout 
S-IVB powered flight. The J-2 engine was successfully restarted in Space 
following the two revolution coast period. During first burn, based on 
Flight simulation results, the stage thrust and mass loss rate was 0.70 
percent, and 0.7/2 percent lower than predicted respectively, and the Specific 
impulse was 0.02 percent higher than predicted. During second burn, the 
Flight average thrust and mass loss rate were 2.36 percent and 2.61 percent 
higher than predicted respectively, while the flight average specific 
impulse was 0.24 percent lower than predicted. Based on stage reconstruc- 
tion results the first burn thrust and specific impulse were 0.91 and 
0.08 percent lower than predicted and the second burn thrust and specific 
impulse were 1.68 percent higher and 0.42 percent lower than predicted 
respectively. The first burn time was 6.2 seconds longer than predicted. 
This longer burn time can be attributed to lower thrust, mass flow rate, 
and separation velocity, combined with a higher initial mass flow rate, 
and separation velocity, combined with a higher initial mass and a higher 
separation altitude. A 15.18 seconds shorter second burn time was 
primarily due to high EMR operation for the first 55 seconds of mainstage. 
All supporting systems performed their functions satisfactorily. However, 
the stage pneumatic control system leaked causing the control Sphere 
pressure to drop below regulator setting after the end of the mission. 
Corrective action is under study. Out-of-band behavior on other Systems 
is discussed in Section 7. 
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The Auxiliary Propulsion System (APS) performed satisfactorily with less 
than 75 percent consumption of propellants. However, a marked deterioration 
in thrust for APS engine Ity and Iz, may have been experienced after space- 
craft separation. 


The hydraulic systems on all stages performed within predicted limits, and 
the entire system operated satisfactorily throughout the flight. 


The structural loads and dynamic environment experienced by the AS~-501 launch 
vehicle were well within the vehicle structural capability. Vehicle loads, 
due to the combined rigid body and dynamic longitudinal load and bending 
moment, were well below limit design values. Tank pressures, compartment 
pressures, and structural temperatures also remained within limit design 
values. Vehicle dynamic characteristics followed the trends established 

by preflight analyses. As predicted prior to launch, small thrust oscil- 
lations of magnitudes less than 0.1 percent of total thrust occurred in 

the 4.5 to 5.5 hertz frequency range and excited the first longitudinal 
mode to small amplitudes. However, no longitudinal instability phenomenon 
occurred. Fin bending and torsional modes compared well with analytical 


predictions. No fin flutter occurred. S-IC, S-II, and S-IVB stage vibrations 


were as expected except for the inertial platform input vibrations which 
exceeded the random test specification at liftoff. No adverse effects were 
noted in platform performance due to vibration. 


The: navigation and guidance system of AS-501 performed satisfactorily 
throughout boost phase of flight. The accumulation of velocity pulses 

near liftoff as observed in the Z (cross range) axis during the AS-202 
flight, did not occur in the X, Y, or Z axes during the AS-501 flight. 
Gimbal angle reasonableness test failure, as observed in the X gimbal angle 
on the AS-202 flight, did not occur on the AS-501 flight. Initial pitch, 
yaw, and roll maneuvers were performed as expected. Shortly after S-II 
stage ignition, a +1.3 degree ladder output was generated by the Launch 
Vehicle Digital Computer/Launch Vehicle Digital Adapter (LVDC/LVDA) due to 
a positive clockwise torque which developed a positive roll in the vehicle. 


The positive roll rate was nulled out by the ladder command and a +1.3 degree 


roll offset remained throughout S-II stage burn. At S-II stage engine 
cutoff, the positive clockwise roll torque was removed. Cause of the roll 
offset may be attributed to a combination of engine misalignment and center 
of gravity offset. 


Steering misalignment corrections were developed by the LVDC shortly after 
Iterative Guidance Mode (IGM) initiation. From 11,595 seconds to 11,620 
seconds, commanded (CHI) rates of a maximum 1.0 degree per second in positive’ 
pitch and negative yaw were commanded in response to fifth phase IGM cal- 
culations. During this time, a positive roll torque on the vehicle was 
observed. The roll reached a maximum value of 2.2 degrees at 11,617 seconds 
range time and decreased to zero at 11,638.4 seconds when CHI rates reached 
zero. All programed maneuvers were completed satisfactorily during AS-501 
orbital guidance. 
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The control system performed throughout flight as expected. Liftoff 
transients and drift were well within expected tolerances. Vehicle lift- 
off acceleration, however, was substantially less than predicted possibly 
due to higher than expected soft release rod forces. During S-IC powered 
Flight the maximum values of attitude errors were 1.3 degrees in pitch, 
and 1.0 degree in yaw and roll. Angles of attack in the Max Q region were 
1.48 degrees pitch and 1.29 degrees yaw. The control system performance 
during S-II Stage burn was as expected. The S-II control system responded 
to the guidance commands to counteract the +1.3 degree roll offset. The 
S-IVB stage engine control system performed satisfactorily during first 
and second burns. Auxiliary Propulsion System (APS) attitude control 
engine operation was nominal throughout burn and coast periods. S-IVB 
control system activity during the initial portion of second burn was 
greater than expected due to approximately 55 seconds of J-2 engine 
operation at the high EMR thrust levels. Vehicle attitudes and rates 
remained within design tolerances during S-IC/S-II, S-II/S-IVB, and 
S-IVB/SC separations. 


All separation systems performed as required. S-IC/S-II separation and 
associated sequencing was accomplished as planned with the S-IC retro motors 
performing satisfactorily. Subsequent S-IC dynamics provided adequate 
positive clearances between the stages following separation. Performance 

of the S-II separation system was satisfactory with no anomalies noted. 

The S-II ullage motors functioned as predicted within the required limits. 
Photographic coverage provided evidence that S-II second plane separation 
was satisfactory. The four retro motors mounted on the S-II stage performed 
satisfactorily in separating the S-II and S-IVB stages. S-IVB ullage motor 


performance was also satisfactory. Separation of the S-IVB stage from the 


S-II stage was accomplished as expected within the desired time period. 
S-IVB attitude control was normal during S-IVB spacecraft separation. 


The performance of all launch vehicle stage electrical systems was satis-~ 
factory throughout the flight period. Battery voltages and currents were 
satisfactory and remained within predicted tolerances. All battery 
temperatures were indicated as falling within acceptable limits. 


Data indicated that the redundant Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly on command if flight conditions had required and that 
the safe-disconnect system responded properly to command. The performance 
of the command and communications system in the Instrument Unit (IU) was 
excellent. 


The performance of the Emergency Detection System (EDS), which was flown in 
the "open-loop" configuration, was satisfactory. The automatic abort circuit 
was deactivated in the spacecraft. No abort limits were reached and no false 
indications were sensed by the system. The sequential events all occurred at 
the proper times. 


The vehicle pressure and acoustic environment was in general agreement with 
predictions and well within the values to which the structure was designed. 


The AS-501 vehicle thermal environment was generally less severe than that 
for which the vehicle was designed. 


The effectiveness of the insulation on the S-IC forward skirt in reducing 
protuberance induced heating could not be determined due to large variations 
in the insulation thickness, The only suspected anomaly noted in the thermal 
protection system appears to be the loss of a small section of the S-IC 

base heat shield M-31 to the level of the open face honeycomb. However, 
since the base region environment was substantially below the design level, 
temperatures in this area did not exceed design limits. 


All Environmental Control Systems performed satisfactorily. The S-IC forward 
and aft conditioning systems maintained compartment and canister temperatures 
within design limits. S-I] forward and aft control systems maintained con- 
tainer temperatures within mid-range of design limits throughout prelaunch 
and boost. Hydrogen and oxygen concentrations were well below the allowable 
3 percent maximum. The S-IVB aft interstage control system maintained an 
Auxiliary Propulsion System temperature within design limits. The Instrument 
Unit control subsystem held pressures, temperatures and flow rates within 

the required ranges except for the ST-124M internal ambient pressure which 
did not decay to the specified lower limit. This did not cause any platform 
system operation problem and was not considered a failure. Also the IU 
internal ambient temperature dropped below the redline limit prior to 

liftoff but a waiver was obtained and no adverse effects were noted. 

A redline change is being considered. 


Of the 2687 measurements active at the start of the AS-501 automatic count- 
down sequence, 45 failed in flight, resulting in an overall measuring 
system reliability of 98.3 percent. The Airborne Telemetry System operated 
Satisfactorily including preflight calibrations, inflight calibrations, 

and tape recorder operation. Performance of the RF systems including 
telemetry, tracking, and command systems was good. | 
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SECTION 1 
INTRODUCTION 


1.1 PURPOSE 


This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch 
vehicle evaluation results of the AS-501 flight test. The basic objective 
of flight evaluation is to acquire, reduce, analyze, evaluate and report 
on flight test data to the extent required to assure future mission 
success and vehicle reliability. To accomplish this objective, actual 
flight malfunctions and deviations must be identified, their causes 
accurately determined, and complete information made available so that 
corrective action can be accomplished within the established flight 
schedule. 


1.2 SCOPE 


This report presents the results of the early engineering flight evaluation 
of the AS-501 launch vehicle. The contents are centered on the performance 
evaluation of the major launch vehicle systems, with special emphasis on 
malfunctions and deviations. Summaries of launch operations and spacecraft 
performance are included for completeness. 


The official MSFC position at this time is represented by this report. It 
will not be followed by a similar report unless continued analysis or new 
information should prove the conclusions presented herein to be significantly 
incorrect. Final stage evaluation reports will, however, be published by 

the stage contractors. Reports covering major subjects and special subjects 
will be published as required. | 
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SECTION 2 
EVENT TIMES 


2.1 SUMMARY OF EVENTS 


The Time Base range times and the signal for initiating each Time Base are 
presented in Table 2-1. The sequence and times of major events for AS-501 
are listed in Table 2-2. Guidance Reference Release (GRR), which is Time 
Base Zero (To), was initiated at 11:59:43.362 UT. Liftoff, the start of Time 
Base 1 (T}), was determined from the Launch Vehicle Digital Computer (LVDC) 
as having occurred 17.901 seconds after GRR, at 12:00:01.263 UT, thereby 
establishing Range Zero as 12:00:01 UT. All times referenced in this 

report, unless otherwise noted, are referenced to this time. First motion 


of the vehicle occurred at -0.48 seconds and liftoff at +0.263 seconds. 


The most significant deviations from predicted shown in the table are: 
S-IT Engine Mixture Ratio (EMR) shift and second phase Iterative Guidance 


Mode (IGM); S-IVB Chi Tilde (%) steering; S-IVB Engine Cutoff (ECO) 


velocity, first burn; start of Time Base 5 (T5); coast period ON; IGM 
termination and start Chi Tilde steering; start of Time Base 7 (T7); 
coast period ON; and start Launch Vehicle (LV) and spacecraft (Sc) 
separation, Reasons for these time deviations are discussed in detail 
in Sections 6, 7, and 10. 


2.2 SEQUENCE OF EVENTS 


Table 2-3 lists the sequence of switch selector events. Range time is 
calculated as the elapsed time, in seconds, from Range Zero time. Seven 
switch selector functions were not verified during the boost phase because 

of telemetry dropout at S-IC/S-II stage separation. However, the functions 
did occur. Two switch selector functions were missed at the end of Tg due 

to early cutoff of S-IVB stage second burn. Switch selector events scheduled 
to occur 0.1 second apart immediately after the start of a time base occurred 
as much as 0.09 second late due to hardware design limitations. The remain- 
ing switch selector events have not been verified. 


Table 2-4 lists inflight switch selector events activated by ground stations, 
beginning at 15:07:22 UT. | 
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Table 2-1. Time Base Summary 


TIME BASE RANGE TIME SIGNAL START 
SEC 
| | (HR:MIN:SEC) Z = | 


.638 
217.638) 

















Guidance Reference Release 










263 IU Umbilical Disconnect 


:00.263) 










.469 
715.469) 


LVDC Monitors IECO, S-IC 










./69 
30.769) 


OECO, S-IC 





./59 
:39.759) 







ECO, S-II 











884 
705.884) 


Velocity Cutoff, S-IVB 


Restart Equation Solution, 
S-IVB 






.5/6 
>59.576) 













479 
26.479) 


Velocity Cutoff, S-IVB 
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Table 2-2. Event Times Summary 


“4 RANGE TIME | TIME FROM BASE 


| ACTUAL | ACT-PRED | ACTUAL | PREDICTED 
| SEC | SEC SEC 
(HR: MIN: SEC) | : 


SEC 
-0.48 
-00:00:00.48 





















First Motion 













0.00 
00:00:00 


Range Zero 
12:00:01 UT 














Liftoff and Start 
of Time Base 1 (T, ) 


0.263 
00:00:00. 





1.263 
00:00:01. 


Begin Yaw Maneuver 













10.16 
00:00:10. 


End Yaw Maneuver 











Start Rol] 11.06 


00:00:11. 






Start Pitch 11.06 


00-0021) ; 











End Roll 31.99 


00:00:31. 



















Start of Time 
Base 2 (T,) 


10. S-IC Inboard Engine 
Cutoff (IECO) 


135.469 
00:02:15. 





135.52 
00:02:15. 












Tilt Arrest 145.07 


00:02:25. 
















. SIC Outboard 
Engine Cutoff 
(OECO) and Start 
of Time Base 3 (T3) 


150.769 
00:02:30. 















13. S-IC/S-II 
! Separation 


151.43 
00:02:31. 
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Table 2-2. Event Times Summary (Continued) 


ACTUAL ACT-PRED | PREDICTED 













































































































































SEC SEC 
) - 
14. S-II Engine Start | 1.40 
Command (ESC) 00:02:32.12 
S-IC/S-II Second 181.44 | 30.70 
Plane Separation 00:03:01.44 
16. Launch Escape 187.13 36 40 
Tower (LET) 00:03:07.13 
Jettison 
17. Initiate Iterative | 190.88 40.50 
: Guidance Mode (IGM){ 00:03:10.88 
18. SII Engine Mixture} 435.69 269 .00 
Ratio (EMR) Shift | 00:07:15.69 
and Second Phase 
IGM 
S-II Engine Cutoff | 519.799 0.000 
(ECO) and Start of 00:08:39.759 
Time Base 4 (Ty) 
20. S-II/S-IVB 520.53 0.81 
Separation 00:08:40.53 
S-IVB Engine Start | 520.72 4,00 
Sequence 00:08:40.72 | 
Third Phase 527465 7.20 
Iterative Guidance } 00:08:47.65 
Mode (IGM) 
23. Jettison S-IVB ay Areeye: 12.80 
Ullage Motor Cases 10008752593 
24, S-IVB Chi Tilde 632.25 104.50 
(,) Steering 0021023229 | 
25. S-IVB Engine Cut- 665.64 - 
off (ECO)(Velocity)| 00:11:05.64 
26. Start of Time 665.884 0.000 
00:11:05.884 







Base 5 (Te) 
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Table 2-2. Event Times Summary (Continued) 


| RANGE TIME TIME FROM BASE 


ACTUAL | ACT-PRED | ACTUAL 
SEC SEC 


SEC 
9.66 













|(HR:MIN:SEC) 










667.15 
OOF Id207.15 


Coast Period ON 


















Initiate S-IVB 
Restart Sequence 
and Start of Time 


9.576 | 
°05:59.576 







Base 6 (Te) 
29. S-IVB Engine Start 
ON 









Fourth Phase 
Iterative Guidance 
Mode (IGM) 











Iterative Guidance 
Mode Termination 
and Start Chi 
Tilde (X) Steering 








32. S-IVB Engine 
Cutoff (ECO) 
(Velocity) 







Start of Time 
Base 7 (T>) 


Coast Period ON 









Start Launch 
Vehicle (LV) and 
Spacecraft (SC) 

Separation 



















12388 .244 
03:26:28.244 


LV/SC Separation 
(MSC) 








*Referenced to Ts. 
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Table 2-3. Sequence of Events 


RANGE TIME (SEC) SEC 
Range Zero is defined as 12:00:01 UT | 7 , 
Liftoff and Start of Time Base | 
IU Auto-Abort Enable Relays Reset 
S-IC Multiple Engine Cutoff Enable 
ee rr ee 1 S-IC Telemeter Calibrate ON 
er: ae : IU Telemetry Calibrator Inflight Calibrate ON 
ae eer | S-IC Telemeter Calibrate OFF 
IU Launch Vehicle Engines EDS Cutoff Enable 
IU Telemetry Calibrator Inflight Calibrate OFF 


S-IC Fuel Pressurizing Valve No. 2 Open and 
Tape Recorder Record 


Pe ae | S-IT Start Data Recorders 

ee | IU Telemetry Calibrator Inflight Calibrate ON 
ca ee IU Telemetry Calibrator Inflight Calibrate OFF 

S-IC Fuel Pressurizing Valve No. 3 Open , 

IU Flight Control Computer Switch Point No. | : ; 105. 


S-IC Telemeter Calibrate ON 1115. , 415. 
S-IVB Special Calibrate Relays ON : , : 119, 
S-IVB Regular Calibrate Relays ON Alf 119, 
IU Flight Control Computer Switch Point No. 2 : ; 7 «6120. 
S-IC Telemeter Calibrate OFF : 120. 
S-IVB Regular Calibrate Relays OFF : 124, 
S-IVB Special Calibrate Relays OFF | : | 124. 
S-IC Fuel Pressurizing Valve No. 4 Open . } 133. 
S-IVB Fast Record ON (134.12 | 134. 
IU Tape Recorder Record ON 1134. 1 134, 
IU S-IC Two Engines Out Auto-Abort Inhibit Enable {134.43 | 134. 
IU S-IC Two Engines Out Auto-Abort Inhibit ; 134. 
IU Excess Rate (P,Y,R) Auto-Abort Inhibit Enable 4134. 134. 
IU Excess Rate (P,Y,R) Auto-Abort Inhibit 4135. 135. 
S-IC Two Adjacent Outboard Engines Out Cutoff Enable! , | “135%. 
S-IC Start of Time Base 2 ; , 135. 
S-IC Inboard Engine Cutoff ; 1 86135. 
S-II Start First PAM/FM/FM Calibration 1135. 1 135, 
S-I1 Stop First PAM/FM/FM Calibration 40.82 | 140. 
S-II Ordnance Arm 4144. [ 144. 
S-IC Separation and Retro EBW Firing Units Arm i 144, 
IU Q-Ball Power OFF , 144. 
S-II Camera Lights ON ‘ : 144, 


S-IC Telemetry Measurement Switch Over 2 145.16 
S-IC Outboard Engines Cutoff Enable : 3 145.36 
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: S-IT Stop Data Recorders 

| S-IVB Fast Record OFF 

| IU Water Coolant Valve Open 
| S-II Second Plane Separation 
| S-II Camera Event Mark 


7 S-II Start Second PAM/FM/FM Calibration 


Table 2-3. Sequence of Events (Continued) 


: FUNCTION 


| S-IC Outboard Engines Cutoff and Start of Time 


| Base 3 
S-II Camera Motor On 

, S-IT LH, Recirculation Pumps OFF 
a S-IT Ullage Trigger 

| S-II Camera Event Mark 


S-II S-IC/S-II Separation 


IU Switch Engine Control to S-I1; S-II Engine Out 
Indication "A" Enable; S-II Aft Interstage 
Separation Indication "A" Enable 


4 S-II Engines Cutoff Reset 

1 S-II Engines Ready Bypass 

| S-II Prevalves Lockout Reset 
S-II Engine Start 


S-II Camera Event Mark 


7 IU, S-II Engine Out Indication "B" Enable and S-II 
7 Aft Interstage Separation Indication "B" Enable 


| S-II Engines Ready Bypass Reset 

| S-II Hydraulic Accumulators Unlock 

| S-II Chilldown Valves Close 

: S-II Start Phase Limiter Cutoff Arm 

| S-II Activate PU System 

| S-II Start Phase Limiter Cutoff Arm Reset 
| IU Tape Recorder Record OFF 


| S-II Camera Event Mark 

| IU Launch Escape Tower Jettison "A" ON 
| IU Launch Escape Tower Jettison "B" ON 
| S-II Camera Eject No. 1 

1 S-II Camera Eject No. 2 


S-II Camera Eject No. 3 
IU Flight Control Computer Switch Point No. 3 


S-II Stop Second PAM/FM/FM Calibration 
IU Flight Control Computer Switch Point No. 4 


; IU Telemetry Calibrator Inflight Calibrate ON 
7 IU Telemetry Calibrator Inflight Calibrate OFF 
i S-II Measurement Control Switch No. 2 Activate 


2-/ 


{ 152.22(1) | 


j 162.04 


| 178.32 


188.72 


| 189.84 
| 212.13 
| 275.74 
| 280.72 


| 363.43 


1 ACTUAL 






| 150.77 


| 150.85 
| 150.94 
1 151.24 
| 151.34 
1 151.43 
1 151.52 











1151.62(1) § 
1151.72(1) | 
151.82(1) | 
152.12(1) | 









152.32(1) 






1 152.52(1) 
| 153.72 
| 157.12 
| 157.42 
| 157.64 
158.44 
161.82 










162.22 






| 181.44 
| 181.54 
| 182.53 
187.13 
187.32 










189.33 








342.12 
348 . 32 
353.33 








PREDICTED 
RANGE TIME (SEC) 


151.90 


152.00 
152.10 
152,40 
152,50 
152.60 
152.70 


152.80 
152.90 
153.00 
153.30 
153.40 
153.50 


153.70 
154.90 
158. 30 
158.60 
158.80 
159.60 
163.00 
163.20 
163.40 
179.50 
182.60 
182.70 
183.70 
188.30 


188.50 | 


189.90 
190.50 
191.00 
213.30 
276.90 
281.90 
343.30 
349 .50 
354 .50 
364 .60 


ACT-PRED } 
of SEC | 





Table 2-3. Seauence of Events (Continued) 
| ACT-PRED | 


: a FUNCTION | | ACTUAL PREDICTED | 
: | RANGE TIME (SEC). az 


SEC 
S-II Start Third PAM/FM/FM Calibration | : | Acae: 
S-II Stop Third PAM/FM/FM Calibration : 
S-T] LH, Step Pressurization 
| S-IVB Special Calibrate Relays ON 
S-IVB Regular Calibrate Relays ON 
Bu Telemetry Calibrator Inflight Calibrate ON 
SOs event 7 S-IVB Regular Calibrate Relays OFF 
ane eo 1 S-IVB Special Calibrate Relays OFF 
are IU Telemetry Calibrator Inflight Calibrate OFF 
S-IVB Rate Gyro OFF 
S-IVB Charge Ullage Ignition ON 
S-II/S-IVB Ordnance Arm 
IU Tape Recorder Record ON 
S-IVB Fast Record ON 
S-II Start Data Recorders 
S-II LOX Depletion Sensor Cutoff Arm 
S-II LH Depletion Sensor Cutoff Arm 
S-II Start of Time Base 4 
S-I1 Redundant S-II Cutoff Switch Selector 
S-II Start Recorder Timers 

| S-IVB Prevalves Close OFF 
| S-IVB Engine Cutoff OFF 
: S-IVB Engine Ready Bypass | 
| S-IVB LOX Chilldown Pump OFF 

S-IVB Fire Ullage Ignition ON 
S-IVB S-II/S-IVB Separation 

; S-IVB Engine Start Interlock Bypass ON 
| S-IVB Engine Start ON 
| IU Flight Control Computer S-IVB Burn Mode On “A" | 
1 IU Flight Control Computer S-IVB Burn Mode On "B" 

7 IU S-IVB Engine Out Indication "A" Enable 
| IU S-IVB Engine Out Indication "B" Enable 
| S-IVB Fuel Chilldown Pump OFF 
| S-IVB LOX Tank Flight Pressure System ON 
: S-IVB Fuel Injection Temperature OK Bypass 
: S-IVB Engine Start OFF 
i S-IVB First Burn Relay ON 
i S-IVB Emergency Playback Enable ON 

S-IVB Fast Record OFF 
S-IVB PU Activate ON 
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Table 2-3. Sequence of Events (Continued) 









| ACTUAL PREDICTED 
|_RANGE_TINE set 





1 ACT-PRED 
33 : . SEC 





S-IVB Charge Ullage Jettison ON — 

| S-IVB Fire Ullage Jettison ON 

| S-IVB Ullage Charging Reset 

j S-IVB Ullage Firing Reset 
IU Tape Recorder Record OFF 

1 S-IVB Emergency Playback Enable OFF 

j IU Telemetry Calibrator Inflight Calibrate ON 

7 IU Telemetry Calibrator Inflight Calibrate OFF 

; S-IVB Regular Calibrate Relays ON 

: S-IVB Regular Calibrate Relays OFF 

| S-IVB Chilldown Shutoff Pilot Valve Close ON. 

| S-IVB Engine Pump Purge Control Valve Enable ON 

| S-IVB Cutoff S-IVB Engine (Velocity) 

| S-IVB Start of Time Base 5 

| S-IVB Cutoff S-IVB Engine (Redundant) 

: S-IVB Point Level Sensor Disarming 

| S-IVB Ullage Engine No. 1 ON 

| S-IVB Ullage Engine No. 2 ON 

| IU S-IVB Ullage Thrust Present Indication ON 

4 S-IVB First Burn Relay OFF 

| S-IVB PU Activate OFF 

S-IVB Prevalves Close ON 

| S-1VB LOX Tank Flight Pressure System OFF 

| S-IVB Coast Period ON 

: S-IVB Engine Pump Purge Contro] Valve Enable ON 
S-IVB PU Fuel Boiloff Bias Cutoff ON : 
IU Flight Control Computer S-IVB Burn Mode OFF "B" 

| IU Flight Control Computer S-IVB Burn Mode OFF "A" | 

| S-IVB Aux. Hydraulic Pump Coast Mode ON 

| S-IVB Aux. Hydraulic Pump Flight Mode OFF 

| IU S-IVB Engine Out Indication "A" Enable Reset 

| IU S-IVB Engine Out Indication "B" Enable Reset 

{ S-IVB SS/FM Transmitter OFF 

3 S-IVB SS/FM Group OFF 

| S-IVB LH, Tank Continuous Vent Valve Open ON 

; IU Telemetry Calibrator Inflight Calibrate ON 

| S-IVB Prevalves Close OFF | 

| S-IVB Chilldown Shutoff Pilot Valve Close OFF 

| S-IVB LH. Tank Continuous Vent Valve Open OFF 

7 IU Telemetry Calibration Inflight Calibrate OFF 
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He ts 


Table 2-3. 


FUNCTION 


§-IVB Ultage Engine No. 


S-IVB Ullage Engine No. 





1 OFF 
2 OFF 


IU S-IVB Ullage Thrust Present Indication OFF 
S-IVB Emergency Playback Enable ON 
IU Tape Recorder Playback Reverse ON 


S-IVB Slow Record ON 
S-IVB Slow Record ON 


} S-IVB Engine Pump Purge 
2 S-IVB Slow Record ON 
7 S-IVB Slow Record OFF 


S-IVB Recorder Playback 


| S-IVB Recorder Playback 
| S-IVB Slow Record ON 
| S-IVB Slow Record ON 


IU Telemetry Calibrator 


1 S-IVB Special Calibrate 


S-IVB Regular Calibrate 


| IU Telemetry Calibrator 
S-IVB Regular Calibrate 
| S-IVB Special Calibrate 
BO Telemetry Calibrator 
{ S-IVB Slow Record ON 

| S-IVB Special Calibrate 
: S-IVB Regular Calibrate 
| IU Telemetry Calibrator 
i S-IVB Regular Calibrate 


S-IVB Special Calibrate 
S-IVB Stow Record OFF 


| S-IVB Recorder Playback 
S-IVB Recorder Playback 
| S-IVB Slow Record ON 
| S-IVB Slow Record ON 


IU Telemetry Calibrator 
S-IVB Special Calibrate 


| S-IVB Regular Calibrate 
; IU Telemetry Calibrator 
: S-IVB Regular Calibrate 
: S-IVB Special Calibrate 


| Il Tape Recorder Playback Reverse OFF 
| S-IVB Emergency Playback Enable OFF 


Control Valve Enable OFF 


Inflight Calibrate ON 
Relays ON 

Relays ON 

Inflight Calibrate OFF 
Relays OFF 

Relays OFF 

Inflight Calibrate ON 


Relays ON 

Relays ON 

Inflight Calibrate OFF 
Relays OFF 

Relays OFF 


ON 
OFF 


Inflight Calibrate ON 
Relays ON 
Relays ON 
Inflight Calibrate OFF 
Relays OFF 
Relays OFF 
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Seauence of Events (Continued) 


| ACTUAL PREDICTED | ACT-PRED | 
{ __RANGE TIME (SEC) SEC 





Table 2-3. Sequence of Events (Continued) 


oe : | RANGE TIME (SEC) SEC | 
oe S-IVB Slow Record ON f (3) | : | 
De | S-IVB Slow Record OFF 
: S-IVB Recorder Playback ON 
| S-IVB Recorder Playback OFF 
S-IVB Slow Record ON 
S-IVB Slow Record ON 
S-IVB Special Calibrate Relays ON 
| S-IVB Regular Calibrate Relays ON 
| IU Telemetry Calibrator Inflight Calibrate ON 
, S-IVB Regular Calibrate Relays OFF 
| S-IVB Special Calibrate Relays OFF 
| IU Telemetry Calibrator Inflight Calibrate OFF 
S-IVB Slow Record ON 
S-IVB Stow Record OFF 
S-IVB Recorder Playback ON 
S-IVB Recorder Playback OFF 
7 S-IVB Slow Record ON 
| S-IVB Slow Record ON 
IU Telemetry Calibrator Inflight Calibrate ON 
| S-IVB Special Calibrate Relays ON 
S-IVB Regular Calibrate Relays ON 
IU Telemetry Calibrator Inflight Calibrate OFF 
S-IVB Regular Calibrate Relays OFF 
S-IVB Special Calibrate Relays OFF 
7 S-IVB Aux. Hydraulic Pump Flight Mode ON 
| S-IVB Aux. Hydraulic Pump Coast Mode OFF 
: S-IVB Fuel Chilldown Pump ON 
| S-IVB LOX Chilldown Pump ON 
| S-IVB Prevalves Close ON 


| S-IVB Begin Restart Preparations and Start of 
7 Time Base 6 


| S-IVB Ullage Engine No. 1 ON 

: S-IVB Ullage Engine No. 2 ON 

: IU S-IVB Ullage Thrust Present Indication ON 
, S-IVB LH, Tank Vent Valve Boost Close ON 

i S-IVB LOX Tank Vent Valve Boost Close ON 

| S-IVB LH, Tank Continuous Vent Valve Close ON 


S-IVB LH, Tank Repressurization Control Valve 
Open ON 


j S-IVB LH, Tank Vent Valve Boost Close OFF 
7 S-IVB LOX Tank Vent Valve Boost Close OFF 











Table 2-3. Sequence of Events (Continued) 


[S-IvB LH, Tank Continuous Vent Valve Close OFF 
1 S-IVB Fuel Chilldown Pump ON 

| S-1VB LOX Chilldown Pump ON 

: S-IVB Prevalves Close ON 

iu Telemetry Calibrator Inflight Calibrate ON 
S-IVB Special Calibrate Relays ON 

| S-IVB Regular Calibrate Relays ON 

| IU Telemetry Calibrator Inflight Calibrate OFF 
1 S-IVB Reqular Calibrate Relays OFF 

1 S-IVB Special Calibrate Relays OFF 

| S-IVB SS/FM Group ON 

| S-IVB SS/FM Transmitter ON 

1 s_1VB LOX Tank Repressurization Control Valve 


i Open ON 
1 S-IVB PU Activate ON 


| S-IVB PU Valve Hardover Position ON 
| S-IVB Prevalves Close OFF 

| IU S-IVB Restart Alert 

i S-IVB Engine Cutoff OFF 

S-IVB Engine Ready Bypass 


| S-IVB LH 
| Open OFF 


S-IVB Fuel Chilldown Pump OFF 
4 S-IVB LOX Chilldown Pump OFF 


S-IVB LOX Tank Pressurization Control Valve 
1 Open OFF 


| S-IVB Engine Start ON 

| IU S-IVB Engine Out Indication "A" Enable 

| IU S-IVB Engine Out Indication "B" Enable 

| S-IVB Ullage Engine No. 1 OFF 

| S-IVB Ullage Engine No. 2 OFF 

IU S-IVB Ullage Thrust Present Indication OFF 


2 


IU Flight Control Computer S- IVB Burn Mode On "By 
IU Flight Control Computer 5- IVB Burn Mode On uAN 


4 S-IVB Fuel Injection Temperature OK Bypass 
| S-IVB LOX Tank Flight Pressure System ON 

| S-IVB Coast Period OFF 

| s-IVB Engine Start OFF 

1 s-IVB Second Burn Relay ON 

| S-IVB PU Valve Hardover Position OFF 

| s-1VB SS/FM Transmitter OFF 

1 s-IVB SS/FM Group OFF 
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Tank Repressurization Control Valve 


PREDICTED $ ACT-PRED } 
RANGE TIME (SEC) | SEC 


~171160.71 


11163,52 
11168.51 
11178.51 
11373.01 
11373.21 
11373.41 
11378. 
11378 .4] 
11378 .61] 
11378. 
11379. 
11414. 


11464. 
11464. 
11473. 
11474. 
11483. 
11483. 
11483. 


11483. 
11483. 
11484. 


11484.5 
11485. 
11485, 
11487. 
11487. 
11487. 
11492. 
11492. 
11492. 
11492. 
11492. 
11493. 





11495, 
11497. 
11750.! 
11750. 


IU Flight Control Computer Switch Point No. 5 


FUNCTION 





IU Telemetry Calibrator Inflight Calibrate ON 


S~IVB 
S-IVB 


Special Calibrate Relays ON 
Regular Calibrate Relays ON 


IU Telemetry Calibrator Inflight Calibrate OFF 


S-IVB 
S-IVB 
S-IVB 
S-IVB 


| S-IVB 


S-1VB 
S-IVB 
S-IVB 


| S-IVB 


S-IVB 
S-IVB 
S~IVB 


| S-IVB 
| S-IVB 
1 S-IVB 
| S-IVB 


S-IVB 


| Open OFF | : 
| IU Flight Control Computer S-IVB Burn Mode OFF "BN 
| IU Flight Control Computer S-IVB Burn Mode OFF "AN 
| S-IVB | 


S-IVB 


| S-IVB 
S-IVB 


S-IVB 


7 S-IVB 


S-IVB 
S-IVB 
S-IVB 


Regular Calibrate Relays OFF 
Special Calibrate Relays OFF 
Chilldown Shutoff Ptlot Valve 

Point Level Sensor Arming 

Cutoff S-IVB Engine (Velocity) 
Start of Time Base 7 

Cutoff S-IVB Engine (Redundant) 

LOX Tank Vent Valve Open 

Point Level Sensors Disarming 

LH. Tank Vent Valve Open 

second Burn Relay OFF 

LOX Tank Flight Pressure System OFF 
Prevalves Close ON 

Coast Period ON 

PU Activate OFF 

PU Inverter and DC Power OFF 

LOX Chilldown Pump Purge Control Valve 


Aux. Hydraulic Pump Flight Mode OFF 

LOX Tank Vent Valve Close 

LOX Tank Vent Valve Boost Close ON 

LOX Tank Vent Valve Boost Close OFF 
Prevalves Close OFF 

Chilldown Shutoff Pilot Valve Close OFF 
LH. Tank Vent Valve Close 

LH, Tank Vent Valve Boost Close ON 

LH, Tank Vent Valve Boost Close OFF 


IU LV/SC Separation Sequence Start 

IU Switch PCM to Low Gain Antenna (Fail Safe) 
IU Switch CCS to Low Gain Antenna 

IU Telemetry Calibrator Inflight Calibrate ON 
S-IVB Special Calibrate Relays ON 


S-IVB 


Regular Calibrate Relays ON 
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ACTUAL PREDICTED 
RANGE TIME (SEC) 
56 | 11754. 






| ACT-PRED | 
jo sec | 






“13.12 
-13,11 
-13,10 
~13.11 
“13.11 
-13.13 
-13.12 
-13.12 
-13.13 
-13.12 
-13.12 
-13.13 













































-13.13 
12 
13 
13 
A 
12 
12 
12 
12 
12 
12. 



















08 
08 






Table 2-3. Sequence of Events (Continued) 


| ACTUAL PREDICTED | ACT-PRED } 
| __RANGE TIME (SEC) SEC | 


1 1412956 
1 14129.96 
{ 14130.16 
| 16099. 
| 16100. 
7 19399. 
| 19399, 
| 20186. 
| 26899. 
1 26899. 






















IU Telemetry Calibrator Inflight Calibrate OFF 
| S-IVB Regular Calibrate Relays OFF 

: S-IVB Special Calibrate Relays OFF 

IU Switch PCM to High Gain Antenna 

| IU Switch CCS to High Gain Antenna (Fail Safe) 
liu switch PCM to Low Gain Antenna (Fail Safe) 
IU Switch CCS to Low Gain Antenna 

HU CCS Transmitter Inhibit 

1 IU Switch PCM to OMNI Antenna 
1 IU Switch CCS to OMNI Antenna 


C-Band Transponder } 
| No. 1 and No. 2 ON 

















































1 5074.87 
1 5074.87 










1.No. 2 ON 1 5098.37 
| 5098.37 
No. 1 5698.47 







5698 .54 
| 11809.61 
| 11809.68 
7 11881.52 
| 11881 .59 
| 11889.72 
| 11889.79 
| 11897. 
| 11898. 
111906. 
1 711906. 
1 11929. 
1 11929.75 
1 12129.86 
1 12129. 
| 12306. 
| 12306. 
{ 12530. 
| 12530. 
| 12657. 
| 12657. 











No. 





















No. 





No. 












No. 














No. 





No. 












No. 








No. 





No. 




















No. 





‘NOTES: (1) Data dropout-computed values. 

(2) Computed values. 

3) Late acquisition at Tananarive. 

4) Recorder playback not programed. 

5) Not issued because of early S-IVB engine cutoff. 
6) These columns left blank because the events occur at variable times. 
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Table 2-4. 


Beginning at 15:07:22 UT 


Ground Commanded Switch Selector Fvents 


aS) 


LH, Tank Prepressurization Control Valve Open OFF 


LH, Tank Continuous Vent Close ON 


S-IVB Stage Select Address Zero (Time Spacer) 
LH» Tank Continuous Vent Valve Close OFF 


LH. Tank Repressurization Control Valve Open OFF 


LH, Tank Continuous Vent Valve Close ON 


S-IVB Stage Select Address Zero (Time Spacer) 
LHe Tank Continuous Vent Valve Close OFF 


LH, Tank Repressurization Control Valve Open OFF 


LH. Tank Continuous Vent Valve Close ON 


S-IVB Stage Select Address Zero (Time Spacer) 
LH, Tank Continuous Vent Valve Close OFF 


Switch 
Switch 
Switch 
Switch 
Switch 
Switch 
Switch 
Switch 
Switch 
Switch 


PCM 
CCS 
CCS 
CCS 
PCM 
PCM 
GCS 
CCS 
PCM 
PCM 


to 
to 
to 
to 
GO 
to 
to 
to 
to 
to 


Low Gain Antenna (Fail Safe) 

Low Gain Antenna 

High Gain Antenna (Fail Safe) 
OMNI Antenna 

Low Gain Antenna (Fail Safe) 

OMNI Antenna 

High Gain Antenna (Fail Safe) 
OMNI Antenna 

Low Gain Antenna (Fail Safe) 

OMNI Antenna 


CCS Transponder Inhibit ON 
CCS Transponder Inhibit OFF 
CCS Transponder Inhibit OFF 


2-15/2-16 


11242 .06 













11242 .93 





11243 .82 
11244.69 













11295 .39 











Tr2oOee7 





11297. 
11298, 


15 







LIG204 
TESZO: 







cra ae 
haze: 







Loco: 
13255. 
13410. 
13411. 
13412. 
13413, 
15762: 
T5703 x 
15784, 
1o/36, 
19079. 
20109; 
20186. 
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SECTION 3 
LAUNCH OPERATIONS 


3.1 SUMMARY 


The Apollo 4 was the first of two missions designed to qualify the Saturn 
V system for manned flight. This also was the first Apollo mission utiliz- 
ing a Saturn V launch vehicle (AS-501), a Lunar Module Boilerplate (LTA/ 
10R), and a Command Service Module (CSM 017). The launch was the first to 


be made from Launch Complex 39A at Kennedy Space Center. 


The launch countdown for AS-501 proceeded smoothly without any major holds 
and culminated in the successful launch of the vehicle at 0700 hours EST 
November 9, 1967. 


Ground systems performance was exceptionally good; minor anomalies that 
occurred did not pose any serious constraint to the vehicle nor contribute 
to a significant hold. Photographic coverage experienced the most signifi- 
cant deviation from standard performance. A dropout of both camera power 
and timing signals was experienced just prior to liftoff. This resulted in 


the cameras not starting, short runs, jamming, and a lack of timing Signals. 


The problem has been documented by UCR and is under investigation. 


Launch damage, while extensive in isolated areas, (the LUT level platform 
was completely destroyed and the engine service platform was damaged exten- 
sively), was in general, less than expected, 


There were no major range safety problems during the countdown. The actual 
trajectory of the vehicle appeared near nominal on all the range safety 
charts during flight. The command destruct receivers on the S-IVB stage 
were successfully "“safed" by the Bermuda Range Safety Officer after first 
S-IVB cutoff. 


3.2 PRELAUNCH MILESTONES 


A chronological sequence of events and the preparation which led to the 
successful launch of AS-501 is presented in Table 3-1. 


| october 27, 1966 
1 October 31, 1966 


| November 16, 1966 
1 December 21, 1966 


| January 23, 1967 


i February 14, 1967 
a February 15, 1967 


iMarch 1, 1967 
March 17, 1967 
| March 22, 1967 
| April 8, 1967 
| April 14, 1967 
|May 25, 1967 


iMay 26, 1967 
|May 27, 1967 


| DATE 


| August 15, 1966 


















; August 25, 1966 
1 September 9, 1966 
| September 12, 1966 





; November 1, 1966 
; November 2, 1966 
ij November 7, 1966 


i November 21, 1966 
1 December 12, 1966 
1 December 16, 1966 
4 December 20, 1966 


i December 24, 1966 
| January 12, 1967 
| January 21, 196/ 








| January 24, 1967 
| February 13, 1967 















| February 13, 1967 


1 February 15, 1967 
i February 23, 1967 
i February 24, 196/ 






| April 6, 1967 









iMay 24, 1967 





Table 3-1. AS-501 Milestones 


EVENT 


S-IVB stage arrived and moved into VAB low bay 

IU arrived 

SLA arrived 

S-IC stage arrived at KSC via barge, and was off-loaded 
and moved into VAB transfer aisle on this date | 

S-IC stage erected on Mobile Launcher No. 1 in high bay | 
S-II stage spacer erected 

S-IVB stage erected 

IU stage erected 

Initial power applied to S-IC stage 

Initial IU bus power application 

launch vehicle electrical mate completed 

Launch vehicle emergency detection system test completed 
Sequential malfunction test completed 

Guidance and control system checks completed 

SM arrived 

CM arrived 

Apollo S/C erected 

S-II stage arrived at KSC via barge, and was off-loaded 
and transported to the VAB low bay for checkout 
Spacecraft systems integrated tests with launch vehicle 
simulator started 

Launch vehicle overall test (OAT) No. 1 completed 

S/C de-erected and transported to the Manned Space 
Operations Building for testing 

IU de-erected 

S-IVB de-erected 

S-IVB modifications started 

S-II stage spacer de-erected 

S-II stage erected 

IU and S-IVB stages erected 

Launch vehicle electrical mate accomplished 

Power transfer test completed 

Launch vehicle electrical support equipment (ESE) modifi. 


| cations started 


S/C Facility Verification Vehicle FVV erected 

Launch vehicle electrical support equipment modification 
verification completed 

Launch vehicle overall test (OAT) No. 2 completed 

Swing arm compatibility test performed 

S-II stage LOX tank inspection for presence of 
structural flaws 

De-erect S/C FVV 


| De-erect IU 
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i May 27, 1967 


i August 18, 1967 


| September 20, 1967 


| September 27, 1967 


| October 14, 1967 
i October 19, 
i November 3, 
, November 4, 
| November 4, 


November 6, 


| November 9, 







i May 28, 1967 

i June 3, 1967 

| June 5, 1967 

7 June 12, 1967 
i June 16, 1967 
jf June 18, 1967 
7 June 19, 1967 
i June 19, 1967 
1 June 20, 1967 
| June 23, 1967 
a July 14, 1967 
| July 24, 1967 
















: August 1, 1967 
: August 6, 1967 











August 7, 1967 






i August 24, 1967 
| August 26, 1967 
| September 7, 1967 









| September 27, 1967 







| September 29, 1967 







1967 
1967 
1967 
1967 






| October 22, 
| October 26, 








1967 






1967 






1967 





Table 3-1. 


AS-501 Milestones (Continued) 


De-erect S-IVB stage 

S-IT LOX tank dye penetrant inspection start 
S-II stage de-erected 

S-IT stage LH? tank inspection started 

S/C cabin leak check test accomplished 

S-IIT stage LHe tank inspection completed 


| S-II stage erected 


S-IVB stage erected 

IU stage erected 

S/C erected 

Launch vehicle electrical mate accomplished 

Launch vehicle overall test (OAT) No. 2 completed 

Space vehicle electrical mate and emergency detection 

system (EDS) test was accomplished 

Space vehicle overall test (OAT) No. 

Space vehicle overall test (OAT) No. 
accomplished 

S/C ordnance installed 

Space vehicle simulated flight test completed 

S-II stage LHo insulation modifications completed 

Space vehicle transferred to pad A 

S/C GSE mobile service structure/mobile launcher inter- 
face tests completed 

LOX and LHo cold flow tests completed 

RP-| loading of the S-IC stage was completed in prepara- 
pe - the start of the countdown demonstration test 
CDDT 

Countdown demonstration test was started with the comp le- 
tion of the precount section on September 29. 

CDDT terminal count section started and continued 


| plugs in, completed 
2 plugs out 


through October 14 as a result of numerous prob lems 


encountered 

During this portion of the test it became necessary to 
change out the fuel cells in the Apollo S/M. This activity } 
was not actually completed until after the test was i 
completed. 

Terminal count portion of the CDDT 
Fuel cell changeout completed 


procedure was completed 


| Inspection S-II stage LOX tank anti-vortex baffle complete 
| Space vehicle - Flight Readiness Test (FRT) 


completed 
Space vehicle hypergolic loading completed in prepara- 
tion for the start of launch countdown 

S-IC stage RP-1 loading accomplished in preparation for 


| the start of launch countdown 
| Launch vehicle precount started at -104 hours on 


Saturday, November 4, 1967, at 1200 EST 

Launch vehicle terminal count was picked up at -49 hours 
on Monday, November 6, 1967, at 2230 EST and progressed 
through all scheduled holds without dropping behind in 
the count 

Liftoff occurred on schedule at 0700 hours EST 
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3.3 COUNTDOWN EVENTS 


The launch countdown for AS-501 was divided into two segments ; precount, 
from -104 hours to -49 hours and countdown from -49 hours to -QO hours. 
Two holds were preplanned, one of 6 hours duration at -6.5 hours, and a 
second hold of 1.5 hours duration at -4 hours. 


The precount was picked up at -104 hours at 1200 EST on Saturday, Novembe 
4, 1967. It proceeded smoothly with only two noninterruptive problems on 
November 5, 1967: 


a. A scratched seal on the S-IC helium flow control valve No. 4 which 
required replacement. 


b. Several hydraulic leaks on the swing arms during pressurization. 


On November 6, 1967, a series of early morning alarm reports resulted in 
the initiation of an emergency evacuation of the LUT. However, this 
evacuation was cancelled when it was confirmed the alarms had been accider 
tally initiated. Later in the day the S-IVB experienced some difficulty ~ 
propellant utilization calibrations and an erratic LOX pump inlet transduc 
had to be replaced. A LOX pressurization regulator had to be replaced in 
the S-II stage, and the spacecraft experienced some difficulty because of 
leaks in pneumatically operated disconnects. 


The launch countdown was picked up at -49 hours at 2230 EST on November 
6, 1967. The count continued smoothly through 2210 EST November /, 1967, 
when the spacecraft reported a potential problem with heat loss in the 
fuel cell LHoa tank. At 0532 on November 8, 1967, the decision was made t 
continue the count without reloading LH2. At 1231 EST November 8, 196/, 
an unscheduled hold was called at -11 hours. This hold consumed |] hour 
59 minutes of the scheduled 6-hour hold and was primarily to allow the 
launch vehicle to catch up with the clock. Minor difficulties had com- 
pounded to cause an approximate 2.9 hour lag. At -8.5 hours at 1700 EST 
November 8, 1967, a second 2-hour unscheduled hold was called because of 
difficulties encountered with range safety command receiver checks. The 
S-IVB Electrical Bridge Wire No. 2 did not charge because of low deviatio 
from the range. A procedure rewrite was required. The count was picked 
up again at 1900 EST. Prior to entering the hold, the spacecraft experi- 
enced difficulties with LOX pressure; however, analysis indicated a high 
probability that the pressure would be nominal at liftoff and therefore 
would not constrain the count. 


At 2100 EST the -6.5 scheduled hold point was attained, and the count wa 
held for the 2 hours and 1 minute of the hold that remained. The count 
was picked up at 230] EST November 8, 1967, and continued smoothly to the 
second hold at -4 hours. The clock was held at 0130 EST and was release 
at 0300 EST as planned. No major problems were encountered from the time 
the countdown clock was released until liftoff at 0700 hours November 9, 
1967. 
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Table 3-2 presents a summary of unscheduled holds. 


Table 3-2. Countdown Events 


: ' | hr. 59 mins. | Allow launch vehicle to catch up , 


-]1 hrs. 
with clock 














2 hrs. Range Safety Command Receiver 
check difficulty. S-IVB EBW No. 
¢ did not charge. Procedure 


rewrite required. 


30 mins. 





-8 hrs. 

















3.4 PROPELLANT AND COLD HELIUM LOADING 
3.4.1 RP-1 Loading | 


RP-1 loading for launch countdown was accomplished on November 3, 1967. To 
compensate for thermal shrinkage and later filling of F-] engine lines, a 
flight mass overload of 2 percent was used. The level adjust operation was 
completed ahead of schedule on November 9, 1967. The RP-] mass readouts did 
not recover to the previous value following power transfer test at -27 
minutes. However, since no valves had opened since level adjust, the gorrect 
level for launch was assured. There were approximately 769.953 meters 
(203,400 gal) of RP-1 onboard at liftoff. 


The RP-1] system operated satisfactorily through FRT and launch countdown with 
no delays and only a few minor problems. 


The following anomalies and problems were encountered: 


a. Mast cutoff valve A9651 did not close during terminal count, therefore, 
the RP-1 lines were contaminated at liftoff. This valve is intended to 
close at completion of RP-1 level adjust/line inert. During FRT, the 
valve opened at commit because the valve control System deenergized. 
Design evaluation indicated the valve could remain open for AS-501, so 
no changes were made. Redesign is recommended to ensure mast cutoff 
valve closure for subsequent launches. | 


b. RP-1 vent trap A4120 in room 4A leaked about 0.0076 meters° (2 aal) 
of RP-1l on the pad. The actual time of leakage cannot be determined 
as this area was cleared during RP-1 loading. Possible causes may 
have been momentary float binding as RP-] entered the component, or 
continuous leakage throughout loading. Inspection per NCR 019916 
will ensure acceptability before use on AS-503. 
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c. The RP-1 mass readout decreased approximately 0.16 percent during power 
transfer test. Recurrence could prevent accurate mass readout monitor: 
ing and cause the mass readout indicator to drop out of flight mass 
tolerance after about -27 minutes. Power transfer also affects the 
S-IC fuel probe package 60B43006-2/-G readout in the Propellant Tanking 
Computer System (PTCS). 


CR 5-8531-136 and UCR KSC300216 cover this problem. Work is in proces: 
to develop a more reliable readout for AS-502. 


3.4.2 LOX Loading 


The LOX consumption on S-IC stage totaled 2093.33 meters” (553,000 gal) 
from start of count to system securing. About 1703.43 meters% (450,000 ga 
were aboard at liftoff. S-II LOX 100 percent mass, 359,037 kilograms 
(791,542 1lbm), was attained at -4 hours during the built-in hold, after 
which time the count was resumed. At liftoff, the indicated S-IVB LOX 
load was 87,624 kilograms (193,179 lbm). The PICS indicated 99.96 percent 
at liftoff. The LOX load required for launch was 87,66/7.2 t 437.7 kilogra 
(193,273 + 965 Ibm). The total loss of LOk due to boiloff after loading 
was complete and prior to liftoff was 10,269 kilograms (22,640 Ibm). 


The LOX system supported FRT, and AS-501 launch from -6.5 hours through -0 
with no serious problems or delays. Vehicle flight mass at liftoff was 


within specifications. There was no unexpected or excessive damage to 


either the storage area or LUT LOX equipment. An S-IC LOX tank overfill 
occurred as a result of launch vehicle power transfer test at -27 minutes. 
This was rectified and the vehicle launched with an acceptable LOX flight 
mass. 


During storage tank pressurization (0017 EST), LOX vaporizer flow control 
valve Al2 did not respond to control pressure. At ~4 hours 29 minutes 

57 seconds (0100:03 EST) the valve broke loose from the fully open positic 
and thereafter functioned normally. It was checked out during securing 
from launch and functioned properly. Ice accumulation on the valve pro- 
bably caused the failure. A more adequate purge will minimize icing. 


3.4.3 LH, Loading 


The system performance was excellent, with no major delays because of mal: 
functions during the fill sequences. The system consumed or delivered to 
the S-IC stage 1627.73 meters? (430,000 gal) of LH2. The S-IT LH2 

100 percent mass, 69,694.5 kilograms (153,650 Ibm), was attained at -1 ho 
and 45 minutes. At liftoff, the indicated S-IVB LH load was 18,656 kilo 
(41,129 lbm). The PTCS indicated 99.85 percent. Ine LHp load required f 
launch was 18,698 + 93.4 kilograms (41,222 + 206 lbm). The total loss of 
LH> due to boiloff, after loading was complete and prior to liftoff, was 
1,746 kilograms (3,850 1bm). 
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The following anomalies were noted: 


a. During PTCS checkout, S-II Automatic Pneumatic On was lost at the S-II LHo 
console in the LCC. The setting of pressure switch 3 was too close to 
the operating pressure of the valve control assembly on level 120 and 
caused a dropout when the valve was cycled. The low resolution gages 
used to reverify the regulator pressure settings aggravated the problem. 
The pressures were set by installation of a Heise gage and adjusting 
the regulators accordingly. This anomaly could cause a hold in AS-502 
testing or launch if no corrective action is taken to increase the 
differential pressure between the pressure switch and regulator settings. 


b. The vehicle vent system filling with water at the burn pond after a 
loading operation was an anomaly common to both CDDT and launch count- 
down. This was attributed to a Siphoning action through the standpipes, 
which was initiated by rapid closing of the S-II and S-IVB vent valves 
after stage vent. The fluid dynamics of the GH2 in the vent system 
caused a negative pressure when the vents were closed and pulled a 
small vacuum at the standpipes, thus Starting the siphoning. This 
could result in an inability to vent GH through the vehicle vent 
system during AS-502 CDDT and launch if no corrective action is taken. 
A procedural change to initiate a purge in the vent line during venting 
has been incorporated as a workaround. 


Recommendations for corrective action are as follows: 


a. Change valve control assembly pressure settings and install high quality 
calibrated gages. 


b. Install an automatic helium purge system in the LH» storage area. 


c. Install a purge regulator and gage in the LH? storage area for maintain- 
ing standby helium blanket pressure. 


d. Install vent line valves to isolate the burn pond from the LUT vent lines. 


e. Relocate the S-IVB heat exchanger purge line closer to the DAC/Boeing 
interface for a more efficient purge. 


f. Provide a means for venting the hydrogen transport trailers after a tank 
fill operation. 


g. Install pneumatic console reliefs to prevent cabinet rupture during 
Taunch. 


h. Provide a stronger support bracket on the S-II drain line at the 100-foot 
level, 
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+. Install a vacuum pumpdown valve on the LHe storage tank boot. 


j. Install a sample vent valve on the 4-inch storage area vent line 
for safer LH. sampling. | 


3.4.4 Cold Helium Loading 


Pressurization of the four cold helium spheres in the S-IC LOX tank was 
accomplished in two steps utilizing helium from the ground support equip- 
ment (GSE) cold gas system. Prior to LOX loading, the spheres were 
pressurized to approximately 1034 N/Cm¢ (1500 psia) to prevent them from 
collapsing as they cooled during the initial part of the LOX loading. Afi 
98 percent of the LOX had been tanked, the sphere pressure was raised to 
2082 N/Cm2 (3020 psia) where it remained until TiTeOre. 


The eight S-IVB cold helium spheres in the Lh tank were also filled in t 
steps. The final liftoff mass in the spheres was 151 kilograms (332 1bm) 
at a pressure of 2006 N/Cm@ (2910 psia). 


3.4.5 Auxiliary Propulsion System Propellant Loading 


The Auxiliary Propulsion System (APS) functioned as expected during 
propellant loading and no delays resulted. 


The APS loading history prior to launch follows: 
a. Module | 


(1) Oxidizer System (Nitrogen Tetroxide, N04) 
Volume loaded 67,219.74 caneameters: (4102 ie at 300°K (81°F) 
Volume off-loaded 6095.99 centimeters’ (372 in.3) at 298°K (76°F) 


Volume removed with bubble bleed during burp firing 458.84 
centimeters? (28 in.?) at 304°K (87°F) 


Volume removed with bubble bleed during countdown 2458 .06 
centimeters’ (150 in.3) at 304°K (87°F) 


-— 
PO 
——” 


Fuel System 
Volume loaded 67,219.74 centimeters? (4102 in.>) at 302°K (84°F) 
Volume off-loaded 1442.06 centimeters” (88 in.) at 298°K (77°F) 


Volume removed during countdown 327.74 centimeters? (20 in.3) 
at 304°K: (87°F) 
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b. Module 2 | | | 
(1) Oxidizer System (Mono Methyl Hydrazine, MMH) 


Volume loaded 67,219.74 centimeters? (4102 in.) at 306°K (81°F) 
Volume off-loaded 6095.99 centimeters’ (372 in.3) at 299°K (79°F) 


Volume remoyed with bubble bleed during burp firing 1147.09 
centimeters? (70 in.3) at 304°K (87°F) | 


Volume remoyed with bubble bleed during countdown 327.74 
centimeters? (20 in.3) at 304°K (87°F) 


_— 
NO 
— 


Fuel System 


Volume loaded 67,219.74 centimeters® (4102 in.) at 302°K (84°F) | 
Volume off-loaded 1442.06 centimeters? (88 in.3) at 302°K (84°F) 


Volume removed with bubble bleed during countdown 409.68 
centimeterss (25 in.3) at 304°K (87°F) 


3.4.6 S-IC Stage Propellant Load 


Initial propellant loads obtained from the KSC weight and balance log were 
checked against the continuous level sensor data. The LOX load agreed very 
well, but the fuel load was approximately 1115 kilograms (2459 Ibm) less. 

The reconstruction, utilizing an RPM match, was able to follow the continuous 
level sensor data for both LOX and fuel with an accuracy of +1.27 centimeters 
(+0.5 in.). It also matched the residuals calculated from level sensor and 
line pressure data, indicating that the propellant loads calculated from 

the level sensor data are accurate. The reconstructed fuel load was 0.18 
percent low, which is well within the predicted 3 sigma limits of +0.5 


LaSalle Total propellants onboard at ignition command are shown in 
able 3-3. 


3.4.7 S-II Stage Propellant Load 


The S-IT LOX tank was entirely filled through the 6-inch replenish line at 
a slow rate of 0.0574 m3/sec (900 gpm) maximum. The facility Propellant 
Tanking Control System (PTCS) functioned satisfactorily during S-II loading 
and replenishing. The LOX capacitance probe fine mass indication was 
Slightly high (87.87 vs 87.72 percent planned). The best estimates of pro- 
pellants loaded are 69,416 kilograms (153,036 1bm) LHe and 358,416 kilograms 
(790,171 Ibm) LOX based on flowmeter integration from the 3 percent point 
sensor indicated mass and the 2 percent LOX point sensor indicated mass. 
This compares to predicted values of 69,569 kilograms (153,375 Ibm) LH» and 


299,037 kilograms (791,542 Ibm) LOX. Table 3-4 presents the S-II stage 
propellant load at S-IC ignition command. | 
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3.4.8 S-IVB Stage Propellant Load 


The best estimate S-IVB propellant mass values at S-IC ignition command 
were 88,141 kilograms (194,318 1bm) LOX and 18,656 kilograms (41,130 1bm) 
LHa as compared to desired mass values of 87,667 kilograms (193,273 Ibm) 
LOX and 18,698 kilograms (41,222 lbm) LH2. These values were well within 
required loading accuracies. Table 3-5 presents the S-IVB stage propellant 
load at S-IC ignition command. | 


3.5 S-II INSULATION PURGE AND LEAK DETECTION 


Performance of the S-II insulation to control the LH boiloff rate was 

well within specification requirements. Heat transmitted through the 
insulation to the liquid hydrogen is calculated as 1.85 x 10° watts 

(180,000 Btu), which is 16 percent below the maximum allowable specificatior 
requirement of 2.2/7 x 108 watts (215,000 Btu). External insulation surface 


temperatures were lower than predicted. 


Hazardous gas concentrations were low in all circuits during the prelaunch 
hold. No concentration of GHa or G02 was detected in any circuit greater 
than 100 ppm. GNo concentrations in the common bulkhead reached 7/00 ppm 
during LHa fill. However, this is consistent with previous data from 
Mississippi Test Facility (MTF) operations (see Table 3-6). Gas concentra- 
tions are launch constraints only when GO? is in excess of 450 ppm in the 
common bulkhead prior to LH2 loading, or when Gh2 reaches 10,000 ppm in 

the common bulkhead or 100,000 ppm in the feedline circuit after initiation 
on ino fa | 


During the countdown the following anomalies were noted in this system: 


a. During operational television (OTV) scan of S-II insulation at 
the start of LHo fill, using OTV cameras 34 and 35 at ground 
level (420 feet from the Mobile Launcher) and cameras 9 and 16 
on the Mobile Launcher (160 foot level), helium vapor was 
detected near feedlines 1, 4, and 5. It appeared to be venting 
from tinder the fairings covering these LH2 feedlines. [he source 
of the vapor could not be determined since it was not shown that 
the leak came from the insulation; and since any defect in the 
insulation would have been protected by fairings from wind stream 
in flight, no action was taken. | | 


b. OTV scan 45 minutes prior to launch detected two blisters in the 
close-out seal at approximately stringer 120, Station 565. They 
were less than 2 inches diameter as shown by honeycomb cell out- 
line. No vapor was observed coming from the area which indicated 
no external leakage or surface defect. Insulation integrity was 
judged acceptable due to excellent OTV inspection detail and the 
absence of any change in sidewall] insulation pressure. 
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c. The 30-minute pressure test of the common bulkhead forward 
facing sheet after LH2 fill was deleted. This decision was 
based on the effect back pressure from the facility venting 
System would have on other stages at the time of S-II 
depressurization and the time required (in excess of 1 hour) 
to re-establish thermal stability. Past experience at MTF 
has revealed no leakage, the pressure test of the aft facing 
sheet after S-II LOX loading indicated no GOo leakage, and a 
measurement of GH2 leakage is obtained during the hold period 
just prior to launch. 


d. Feedline outlet pressure fell to 0.34N/Cm? (0.5 psig) during LH 
fill and flowmeter indication was lost during cryogenic fill. 
These facts indicate closure of the back pressure regulator which 
would invalidate gas concentrations data for this circuit. 


3.6 GROUND SUPPORT EQUIPMENT 


Ground systems performance was exceptionally good. Swing arms, holddown 
arms, tail service masts, propellant tanking systems and all other ground 
equipment functioned well together to support the AS-501 launch. Minor 
anomalies that occurred did not present any serious problems. A dropout 
of ground camera power and timing signals experienced just prior to 
liftoff was the most significant deviation from expected performance. 
This resulted in cameras not starting, short runs, jamming, and a lack 

of timing signals. 


Launch damage was, in general, less than expected. However, there were 
specific items that received extensive damage. Refurbishment is not 
expected to have any impact on future launch schedules. The following 
conditions of major damage were observed: 


a. Fires in the swing arm hinge areas on arms 1, 2, 3, and 4 exposed 
hinges, hinge bearings, retract cylinders, flex hoses and tubing, 
in these areas, to high temperatures. 


b. All tail service mast hoods were carried away by exhaust blast 
allowing the aft umbilical carriers and service lines to be 
damaged by engine blast and fire. 


c. Holddown arm hoods were slightly warped and electrical line and 
pneumatic distributors inside damaged by flame. 


d. The LUT level platform was completely destroyed and the engine 
service platform and transporter damaged extensively. The 
transporter winches were also damaged significantly. 


e€. Storage racks and stored equipment on the LUT 60, 100, and 120 
foot levels were badly damaged. 


fF. Six OTV cameras were destroyed and four were damaged but can be 
repaired. 
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SECTION 4 
TRAJECTORY ANALYSIS 


4.1 SUMMARY 


The actual trajectory of AS-501 was close to nominal. The vehicle was 
launched on an azimuth of 90 degrees east of north. At 11.06 seconds, the 
vehicle started a maneuver to a flight azimuth of 72 degrees east of north. 
The space-fixed velocity at S-IC OECO was 19.80 m/s (64.96 ft/s) lower than 
nominal. At S-II cutoff it was 38.61 m/s (126.67 ft/s) lower than nominal 
and 1.24 m/s (4.07 ft/s) lower than nominal at S-IVB first burn cutoff. At 
S-IVB first burn cutoff the altitude was 1.17 kilometers (0.63 n mi) higher 
than nominal and the surface range was 44.17 kilometers (23.85 n mi) greater 
than nominal. The cross range velocity deviated 1.52 m/s (4.99 ft/s) to the 
right of nominal at S-IVB first burn cutoff. 


At waiting orbit injection the actual values of the targeting parameters were 
very close to nominal. The eccentricity was U.0028 less than nominal, the 
inclination was 0.011 degrees less than nominal, the node was U.004 degrees 
greater than nominal and C3 was 187,069 m@/s2 (2,020,050 fte/sc) less than 
nominal. At waiting orbit injection the total Space-fixed velocity was 

11.4 m/s (37.4 ft/s) greater than nominal and the altitude was 24.25 kilometers 
(13.09 n mi) less than nominal. 


The loss of telemetry signal of the S-IC Stage occurred at approximately 410.0 
seconds. This is close to time when the S-IC Stage lost its structural integ- 
rity. At this time the actual surface range and altitude as determined from 

a theortical free-flight simulation were within 1.1 kilometers (0.59 n mi) 

and 0.8 kilometer (0.4 n mi), respectively, of nominal. The free-flight 
trajectory indicates the S-II stage impacted 197.76 kilometers (106.78 n mi) 
Short of the nominal impact point. The S-IVB free-flight trajectory indicates 
the impact occurred close to the nominal, but almost 11 minutes earlier than 
nominal. 


A summary of all AS-501 orbital C-band tracking performed by various stations 
1S presented in Table 4-1. 


4.2 ASCENT TRAJECTORY 
4.2.1 Tracking Data Utilization 


Tracking data was obtained during the period from 0.03 seconds through 
parking orbit insertion. This data, excluding radars, showed less than 
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0.05 kilometers (0.03 n mi) deviation in position components measured by the 
various systems in the period up to 266 seconds. After 266 seconds, GLOTRAC 
Segment I was the only precision tracking system that furnished data. 


The postflight trajectory was established from a least squares Curve TG OF 
the fixed camera data tied to a best estimate trajectory. The telemetered 
guidance values were used as a model for obtaining the proper velocity and 
acceleration profiles through the transient areas. These data points were 
adjusted in magnitude to match the best estimate trajectory. 


The best estimate trajectory, as determined by the GATE program, utilized 
the telemetered guidance velocities as the generating parameters to fit date 
from GLOTRAC Station I, and six different C-Band radar tracking stations. 
These data points were fit through a nine term guidance error model and 
constrained to the insertion vector obtained from the orbital solution. 
Comparison of the best estimate trajectory with data from all the tracking 
systems yielded reasonable agreement. 


GLOTRAC Segment I provided the only precision tracking data after 266 secon 
The GLOTRAC Segment I data and the best estimate trajectory agree to within 
0.04 kilometers (0.02 n mi) in X (downrange), 0.13 kilometers (0.070 n mi) 
in Z (cross range) and 0.72 kilometers (0.39 n mi) in Y (vertical). The 
vertical component experienced a discontinuity at handovers. Before handove 
the vertical component difference was about 0.25 kilometers (0.14 n mi); th 
indicates that the vertical component in the trajectory was less accurate 
than the other components. The GLOTRAC Segment I data were not used in the 
final trajectory due to late arrival and a tape format problem. 


Table 4-1. Summary of AS-501 Orbital C-Band Tracking Stations 
STATION REVOLUTION 1 REVOLUTION 2 REVOLUTION 3 


Bermuda (FPS-16) x X 
Bermuda (FPQ-6) X 
Carnarvon X 
Hawaii 

White Sands 
California 
Grand Bahama 
Merritt Island 
Antigua 

Canary Island X 
Tananarive X 
Woomera X 

Ascension X 


>< 
>< >< >< << OS 


>< os OX >< 


X - Station performing tracking 
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Table 4-2. Comparisons of Cutoff Events 





PARAMETER ACTUAL NOMINAL 


S-IC IECO 





Range Time sec 


Altitude km 
(n mi) 





Surface Range km 
(n mi) 





Space-Fixed Velocity m/s 
(ft/s) 





Flight Path Angle deg 
Heading Angie deg 


Cross Range km 
(n mi) 





Cross Range Velocity m/s 
(ft/s) 





Range Time sec 








Altitude km 
(n mi) 





Surface Range km 
(n mi) 






Space-Fixed Velocity m/s 
(ft/s) 


Flight Path Angle deg 






(22,355.61) (22,482.28) 





05 


Heading Angle deg 81. 













21.62 


Cross Range km ‘ 
(11.67) (12.41) 


(n mi) 








155,84 192.9] 
(511.29) (501.67) 


Cross Range Velocity m/s 
(ft/s) 





Range Time sec 11,786 .3 11,799.4 


Altitude km 538.44 DOC soe 
(n mi) (290.73) (303.63) 


Space-Fixed Velocity m/s 9412.73 9399.93 
(ft/s) (30,881.65) (30,839.67) 


Flight Path Angle deg 14.766 15.026 


Heading Angle deg 102.379 102.641 
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ACT-NOM ACTUAL NOMINAL ACT-NOM 
| SC OF CO 
150.8 151.9 zee 
63.70 63:6) 0.09 
(34.40) (34,35) (0.05) 
82.63 85.0] 2238 
(44.62) (45.90) (-1..28) 
2691.8] 2711.61 -19,80 
(8831.49) (8896.36)  (-64.87) 
20.955 20.330 0.625 
75,293 75.624 -0,33] 
0.56 1.12 -0.56 
(0.30) (0.60)  (-0,30) 
5.45 21.16 S157) 
(17.89) (69.42)  (-51.53) 





665.6 656.0 9.6 












192.61 191.44 107 
(104.00) (103.37) (0.63) 








2448.25 2404.08 44.17 
(1321.95) (1298.10) (23.85) 

















7789.76 7791.00 -1,24 
(25,556.96) (25,561.02) (-4.06) 













0. -0,001 0.016 








96% 





















-13.1 


-23,88 
(-12.90) 


12.80 
(41.98) 


-0.260 





-0.262 


git Ese 


Table 4-3. Comparisons of Separation Events 












S-IC/S-I1 SEPARATION © 











PARAMETER ACTUAL NOMINAL ACT-NOM 





Range Time sec 


Altitude km 64.35 64,34 Ui 
(n mi) 74) (0; 











Surface Range km 3 : 
(n mi) (45,36) (46.79) (-1.43) 






Space-Fixed Velocity m/s : 
(ft/s) (8860.60) (8927.82) (-67.22) 





Flight Path Angle deg 





Heading Angle deg 













Cross Range km 
(n mi) 







Cross Range Velocity m/s ; 
CT t7s)) (17.91) (69.69) (-51.78) 


S-II/S-IVB SEPARATION 
PARAMETER ACTUAL NOMINAL ACT-NOM 


Range Time sec 02059 


Altitude km 192.40 
(n mi) (103.89) 


Surface Range km 1481.87 
(n mi) (800.15) 


Space-Fixed Velocity m/s 6816.54 
(ft/s) (22,363.98) 
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Table 4-3, Comparisons of Separation Events (Cont) 





S-IT/S-IVB SEPARATION (CONT) 
ACTUAL 





PARAMETER 





ACT-NOM 





NOMINAL 







Flight Path Angle deg 0.632 0.514 0.118 






Heading Angle deg oy eed Ee 81.461 0.049 





Cross Range km Zetec Esels -1.4] 
(n mi) (Ti 73) (12.49) (-0.76) 









Cross Range Velocity m/s 196526 105.46 2.80 
(Tis) (512.66) (503.48) (9.18) 






S-IVB/CSM SEPARATION 


PARAMETER ACTUAL NOMINAL ACT-NOM 


Range Time sec IZe500u2 12,399.6 -11.4 











Altitude km £42330 2457.37 -34,07 
(n mi) (1308.48) (1326.87) (-18,39) 







space-Fixed Velocity m/s 7995.02 1984.96 LO.06 
(ft/s) (26,230. 38) (26,197.38) (33.00) 


Flight Path Angle deg 26.542 Z0¢7 15 -0.173 










Heading Angle deg 116.450 116.496 -0,046 





4.2.2 Trajectory Evaluation 


Actual and nominal altitude, surface range, and cross range for the first 
powered phase are presented in Figure 4-1. The actual and nominal total 
earth-fixed velocities and the elevation angles of the velocity vectors are 
shown in Figure 4-2, Actual and nominal Space-fixed velocity and flight path 
angle during ascent are shown in Figure 4-3, Comparisons of the actual and 
nominal cutoff events are shown in Table 4-2. Comparisons of the actual and 
nominal separation events are shown in Table 4-3. The nominal trajectory is 
presented in “Saturn V AS-501 Launch Vehicle Operational Flight Trajectory- 
Final, Boeing document D5-15551(F)-1. 

Through the major portion of the first powered phase the altitude was greater 
than nominal and tne surface range was slightly less than nominal. The total 
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inertial acceleration shown in Figure 4-4 was greater than nominal for the 
S-IC phase and less than nominal for the S-II and S-IVB first burn phases, 


The combined burn time of the S-IC, S-II, and S-IVB first burn was 9,6 sec- 
onds longer than nominal. The S-IC burned 1.1 seconds less than nominal, 

the S-II burned 4.6 seconds longer than nominal and the S-IVB first burn was 
6.1 seconds longer than nominal. The total space~fixed velocity at the S-IVB 
first burn cutoff was 1.24 m/s (4.07 ft/s) lower than nominal. The longer 
burn time explains the 44.17 kilometers (23.85 n mi) greater surface range 

at the S-IVB first burn cutoff. The altitude at S-IVB first burn cutoff was 
1.17 kilometers (0.63 n mi) greater than nominal. The accuracy of the 
trajectory at S-IVB first burn cutoff is estimated to be + 1.0 Mis (353 -Tt/s) 
velocity and + 0.7 kilometers (0.4 n mi) altitude. - 


The guidance sensed velocity increase, due to engine cutoff impulse, during 
the time period from guidance signal for S-IC OECO to first plane separation 
1s shown in Table 4-4, A similar velocity increase during the period from 
S-II ECO signal to S-II/S-IVB separation signal is also shown. Also shown 


oe is the guidance sensed velocity increase due to complete engine cutoff impulse 


after S-IVB first burn ECO signal. The S-IVB first burn ECO Signal was given 
by the guidance computer at 665.6 seconds. 


Mach number and dynamic pressure are shown in Figure 4-5, These parameters 
were calculated using measured meteorological data to an altitude of 52.5 
kilometers (28.3 n mi). Above this altitude the measured data were merged 
into the U.S. Standard Reference Atmosphere. 


Table 4-4, Velocity Gains Sensed by Guidance system after ECO Signal 





ACTUAL NOMINAL 
m/s m/s 
TLdS L ft/s) 


S-IC QECO 


S-II ECO 


First S-IVB ECO 
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Table 4-5. Comparison of Significant Trajectory Events - 


EVENT PARAMETER 












First Motion 





Range Time sec 
Total Inertial Acceleration m/s2 
(ft/s2) 


Range Time sec 
Altitude km 
(n mi) 











Maximum Dyanmic Pressure 





Range Time sec 

Dynamic Pressure N/cmé 
. (psia) 

Altitude km 

{(n mi) 


Maximum Total Inertial 





Range Time sec 








Acceleration m/s2 


Acceleration (S-IC Stage) 
(ft/s2) 





Maximum Total Inertial Range Time sec 


Acceleration m/s2 
(ft/s2) 









Acceleration (S-II Stage) 








Maximum Total Inertial Range Time sec 


Acceleration m/s2@ 
(ft/s?) 


Acceleration (S-IVB) 


















Apex (S-IC Stage) Range Time sec 
Surface Range km 

(n mi) 
Altitude km 


{n mi) 













Range Time sec 
Surface Range km 

(n mi) 
Altitide km 
(n mi} 


Apex (S-II Stage) 










Apex (S-IVB Stage) Range Time sec 
Altitude km 


(n mi) 


Loss of Telemetry 


Range Time sec 
(S-IC Stage) 


Altitude km 
(n mi) 
Surface Range km 
nmi) 
Elevation Angle From Pad deg 
















Maximum Earth-Fixed Range Time sec 














Velocity (S-IC Stage) Velocity m/s 


(ft/s) 





Maximum Earth-Fixed Range Time sec 









Velocity (S-II Stage) Velocity m/s 


(ft/s) 


Maximum Earth-Fixed Range Time sec 






Velocity (S-IVB Stage) Velocity m/s 


(ft/s) 










S-IVB Engine Restart Range Time sec 
















Altitude km 
{n mi) 

Space Fixed Velocity m/s 

(ft/s) 
Space-Fixed Flight Path Angle deg 
Space-Fixed Heading Angle deg 
Earth-Fixed Velocity m/s 

(ft/s) 

Geodetic Latitude deg 
Longitude deg 





Conmand 


ACTUAL 
-0. 


10. 
(32, 


6419. 
(21,060. 


11,786. 


8997. 
(29,519. 


11,486. 


203. 
(109. 
7786. 

(25,546. 


-0.0 


2 i 
7382, 
(24.221 


48 
02 
87) 


32 
.62) 


8 


21 
40) 


8 


63 
78) 


6 


62 
95) 
65 
75) 
01 
537 
75 
62) 


31.9509 


~82. 


3260 


NOMINAL ACT-NOM 
-0.48 0.00 
12.21 ~2,19 

(40.06) (-7.19) 
62.0 -0.6 
7.53 -0.18 
(4.07) -0.10 
78.4 0.0 
3.424 0.013 
(4.97) (0.01) 
13:2) 0.05 
(7.13) (0.03) 
135.1 0.5 
40.26 1.01 
(132.09) (3.31) 
516.4 3.6 
20.35 -0.87 
(66.77) (-2.86) 
656.1 9.6 
7.93 0.32 
(26.02) (1.05) 
263.5 -0.3 
319.23 -4,39 
(172.37) (-2.37) 
115.66 2.01 
(62.45) (1.09) 
547.5 8.5 
1668.19 33.7) 
(900.75) (18.20) 
190,78 2.92 
(103.01) (1.58) 
20,543.0 -340.5 
17,410.00 -664.10 
(9400.65)  (-358.59) 
410.0 0.0. 
27.25 0.76 
(14.71) (0,41) 
605.89 -1.11 
(327.15) (-0.59) 
ots 038 0.014 
152.9 -1.2 
2363.04 7.72 
(7752.76) (-58.14) 
517.5 3,3 
6459.35 , ~40.14 
(21,192.09)  (-131.69) 
11,799.9 Sq 3ai 
8985 .09 12.54 
(29,478.64) (41,14) 
11 484.5 2.1 
204.73 1.11 
(110.55) (-0.60) 
7787 .89 -1 124 

(25,550.82) (-4.07) 
-0.009 0.008 
97.346 0.191 

7383.87 aliclz 

(24,225.30) (- 3,63) 

31.9795 -0.U286 
-82 .7026 0), 3766 





Table 4-6. Stage Impact Location 






















PARAMETER 





ACTUAL NOMINAL ACT-NOM 





S-1C STAGE IMPACT 





Range Time sec 










Surface Range km 638,71] -8.12 
(n mi) 










Cross Range km 8 Veo -4,63 
(n mi) ; 







Geodetic Latitude deg SU. 163 30.141 0 022 





Longitude deg -74,354 ~/4,26] -~Q,093 


S-II STAGE IMPACT 
Range Time sec L126, 7 15S 2 -26.5 


Surface Range km Sieh noe a! 4113.50 
(n mi) (2114.33) be2ete |) 


Cross Range km 114,35 124, 32 
(n mi) (61.74) (67.13) 


Geodetic Latitude deg 324203 315.983 


Longitude deg -39,825 ~3/7./46 -2.079 


S-IVB STAGE IMPACT | 


Range Time sec 28,987.2 29 ,645,3 -658, | 





Geodetic Latitude deg Poet o5 24.212 


Longitude deg tohe207 LGle2 97 


Comparisons of actual and nominal parameters at significant trajectory event 
times are given in Table 4-5 


The theoretical free-flight trajectory data for the discarded S-IC and S-II 
stages were based on initial conditions obtained from the final postflight 


trajectory at separation. Some radar prints from an aircraft in the recover: 
area represented the only data available on the discarded S-IC stage. Ihese 
radar prints can be correlated with a theoretical free-flight trajectory. 
They agree best with a free-flight which assumes a 90 degree angle-of-attack 
Therefore, this case is used as the S-IC stage trajectory. Visual observa- 
tion and the radar prints prove that the S-IC stage lost its structural in- 
tegrity before impact. 


There was no tracking coverage of the discarded S-II stage. A tumbling drag 
coefficient was assumed in the free-flight trajectory of the S-II stage. Th 
impact times and locations of the S-IC stage pieces and the S-II stage are 
presented in Table 4-6. 


4.3 PARKING ORBIT TRAJECTORY 
4.3.1 Tracking Data Utilization 


Table 4-7 presents a summary of the stations furnishing data for use in 
determining the parking orbit trajectory. 


The orbital trajectory was obtained by taking the insertion conditions and 
integrating them forward at the desired time intervals. The insertion condi: 
tions were obtained by a differential correction procedure which adjusted thi 
estimated insertion conditions to fit the tracking data in accordance with 
the weights assigned to the data. 


Table 4-7. Parking Orbit Radar Stations 













STATION REVOLUTION 1 REVOLUTION 2 










Bermuda (FPS-16) 
Carnarvon (FPQ-6) 

White Sands (FPS-16) 

Bermuda (FPQ-6) 

Carnarvon (FPQ-6) 

Hawaii (FPS-16) 

White Sands (FPS-16) 

Merritt Island (TPQ-18) 
Grand Bahama Island (TPQ-18) 


* Just prior to S-IVB second burn 


The Bermuda (FPS 16), Merritt Island and Grand Bahama Island radars provided 
comparatively few data points. The Bermuda data points were necessary to 
determine the insertion point accurately. The Merritt Island and Grand Ba- 
hama Island radars, which were tracking immediately prior to the S-IVB 


>< o< >< 


* 






* 


>< >< >< P< >< O< 


second burn were used to determine initial conditions for the S-IVB second burn, 
‘Therefore, to insure reasonable agreement between the orbital and powered phases 
these data points were weighted more heavily than the data from the other stations 


4.3.2 Trajectory Evaluation 


The acceleration during parking orbit due to venting is presented in Figure 
4-6. Shown in this figure are the predicted venting accelerations used in the 
operational trajectory, the venting acceleration implemented in the guidance 
computer, and the actual venting acceleration obtained from the telemetered 
guidance data. The actual venting acceleration was obtained by differentiating 
the compressed guidance velocity data, removing accelerometer biases and the 
effect of drag. 


Scatter in insertion parameter values was obtained depending upon the combina- 
tion of data used and the weights applied to the data. The solutions that 
were considered reasonable had a spread of about + 0.5 kilometers (0.3 n mi) 
in position components and + 1.0 m/s (3.3 ft/s) in velocity components. The 
actual and nominal parking orbit insertion parameters are presented in 

Table 4-8, 


Table 4-8. Parking Orbit Insertion Conditions 








PARAMETER ~ ACTUAL NOMINAL ACT-NOM 















Range Time sec 675.6 666.0 

Space Fixed Velocity m/s 1I9\-8 7793.8 -2.0 
(ft/s) (25,563. 7) (25,570.2) (-6.5) 

Flight Path Angle deg 0.014 0.001 0.013 

Inclination deg 324973 32.561 0.012 






Eccentricity 0.0003 0.0002 0.0001 












Apogee km 187.23 187.85 -0.62 
(n mi) (101310) (101.43) (-0.33) 
Perigee km 183.60 165326 -1.66 
(n mi) (99.14) (100.03) (-0.89) 
Altitude km 192553 197.45 1.08 
(n mi) (103.96) (103.37) (0.59) 

Period min 838.20 88.22 -0.02 
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Ground track of the vehicle during flight is shown in Figure 4-7. The first 
and second revolution of the parking orbit are numbered, 


4.4 INJECTION PHASE TRAJECTORY 
4.4.1 Tracking Data Utilization 


C-band radar data from four sites (Grand Bahama Istand, Merritt Island, 
Antigua and Bermuda) were used to determine the injection phase trajectory. 
The Grand Bahama Island and Merritt Island data were available for a consid- 
erable time before S-IVB restart and were used in both the parking orbit 
trajectory and the injection phase trajectory to assure there would be no 
discontinuities. The data from these four radars were used as inputs to the 
GATE program. These data were consistent and showed excellent agreement with 
the resulting best estimate trajectory, 


GLOTRAC Segment I data for the injection phase were received approximately 
One month after launch. This was too late for data to be used in the con- 
struction of the trajectory, but this data agreed well with the trajectory 
obtained from the radars. The maximum differences between the GLOTRAC Seg- 
ment I data and the best estimate trajectory for the injection phase are 
0.07 kilometers (0.04 n mi) in X (downrange), 0.1 kilometers (0.05 n mi) in 
Y (vertical) and 0.11 kilometers (0.059 n mi) in Z (cross range). 


4.4.2 Trajectory Evaluation 


Comparisons between the actual and nominal total space-fixed velocity and 
Flight path angle are shown in Figure 4-8, The actual and nominal total 
inertial acceleration comparisons are presented in Figure 4-9, The acce]- 
eration is greater than nominal for the early protion of the S-IVB second 

burn due to the propellant mixture ratio being higher than expected. The 
velocity reflects the acceleration difference and is also greater than nominal 
for the S-IVB second burn. 


The cutoff signal was given by the guidance computer at 11,786.3 seconds. 

At this time the altitude was 23.88 kilometers (12.90 n mi) less than nominal 
and the total space-fixed velocity was 12.80 m/s (41.98 ft/s) greater than 
nominal. The S-IVB second burn was 15.2 seconds shorter than nominal. The 
larger protion of this difference is attributed to the greater acceleration 
during the early portion of flight. The increase in the total] velocity due 
to thrust decay was 1.7 m/s (5.6 ft/s) which is 0.8 m/s (2.6 ft/s) less than 
nominal, 


4.5 WAITING ORBIT TRAJECTORY 
4.5.1 Tracking Data Utilization 
The waiting orbit trajectory from injection to S-IVB/CSM separation was ob- 


tained in the same manner as the injection phase. The Antigua and Bermuda 
radars furnished data for this Pprotion of flight. These data points were 
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7 used as inputs to the GATE program. The trajectory, starting before S-IVB 


restart to S-IVB/CSM separation, was obtained through a single solution. 
GLOTRAC Segment 1 data were received for the first 200 seconds of the waiting 
orbit. These data points were received too late to be used in the trajectory 
but agree very well with the trajectory obtained from the radar data. 


4.5.2 Trajectory Evaluation 


A comparison between the actual and nominal waiting orbit injection conditions 
is presented in Table 4-9. A comparison of the actual and nominal conditions 
at S-IVB/CSM separation is presented in Table 4-3. After S-IVB/CSM separation 
the Canary Island radar tracked the S-IVB stage. However, these data were 

not usable for determination of the S-IVB trajectory. The trajectory of the 
S-IVB stage was obtained by generating a theoretical free-flight trajectory 
using the actual S-IVB/CSM separation conditions as the Starting point. Com- 
parison of the actual and nominal Impact conditions for the S-IVB stage are 
shown in Table 4-6, 


Table 4-9. Waiting Orbit Injection Conditions 






ACT-NoM | 





PARAMETER ACTUAL NOMINAL 








Range Time sec 11,796. 3 11,809 .4 ~13.] 
Space-Fixed Velocity m/s 9394.9 9383.5 11.4 
(fe/s) (30 823.2) (30,785. 8) (37.4) 
Flight Path Angle deg 15.030 15.288 -0.258 
Inclination deg 30502 30,313 -0.01] 
Node deg 135.435 135.431 0.004 
C3 mé/s¢ -26 ,672, 329 ~26 ,484 ,660 -187 ,669 
(Ft2Z/ se) (-287 ,098,560) (-285 ,078,510) (-2,020 ,050) 
Eccentricity 0.5/89 Ooo l7 ~0.0028 
Apogee km Ia ge 17-425 17,426.87 -209.62 
(n mi) (9296.57) (9409.76) (-113.19) 
Perigee km -84,69 -82.5] -2.18 
(n mi) _ {-45.73) (-44.55) (-1.18) 
Altitude km 902.006 986 . 83 ~24.25 
(n mi) (30377) (316.86) (-13.09) 
Period min 303.02 206525 23323 
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SECTION 5 
Pees ie S-IC PROPULSION 


9.1 S-IC PROPULSION SUMMARY 


All S-IC propulsion systems performed Satisfactorily. Overall performance 
was as expected, and in general all performance flight data fell close to 
the nominal predictions. Stage thrust averaged 0.6 percent higher than 
predicted as compared with the average specific impulse which was 0.19 per- 
cent lower than predicted. Propellant consumption from Engine Start Com- 
mand (ESC) to separation was 0.233 percent less than predicted. 


The postflight performance Simulation-trajectory match analysis confirmed 
S-IC propulsion system performance. This simulation analysis showed that 
the performance of thrust and specific impulse agreed with propulsion recon- 
Struction within -0.18 percent. 


Outboard engine cutoff occurred 1.13 seconds earlier than predicted, which 
was caused by the thrust, specific impulse, buildup and holddown consumption, 
and residual deviations. However, this cutoff time deviation was well with- 
in the predicted three sigma limit of + 2.98 seconds. 


The usable residuals resulting from the earlier than expected Outboard 
Engine Cutoff (OECO) were 3597 kilograms (7929 Ibm) of LOX compared to the 
usable zero predicted and 1916 kilograms (4224 Ibm) of fuel compared to 
2419 kilograms (5333 lbm) predicted. The higher than expected LOX residual 
was due to the short timer setting with respect to first gas ingestion into 
the suction lines. If the flight of AS-502 indicates repeatability, then 
the timer settings will be re-evaluated for AS-503 and Subsequent flight. 


The subsystem operationally met all performance requirements. Higher than 
Specification pressures were experienced in the fuel tank pressurization 
system immediately downstream of the helium flow control valves between 
Taunch commit and aft umbilical disconnect. This was expected, and was due 
to commanding the number 1 helium control valve open at launch commit 

while ground prepressurization gas continued to flow througn the aft umbili- 
cal until it was disconnected. This was an overlap of approximately one 
second. Sequencing will be changed to command the number 1 valve Open at 
aft umbilical disconnect on AS-502 and Subsequent vehicles. 


The LOX pressurization system had a 1.17 N/cm2 (1.7 psi) overshoot. This 
overshoot was caused by the closing response time of a ground support equip- 


D- | 


ment (GSE) valve, and the high pressure helium in the GSE supply system 
that "blows-down" into the tank after the GSE valve is closed. This opera- 
tion was typical for AS-501 and was in no way detrimental to the launch 
vehicle. 


5.2 S-IC IGNITION TRANSIENT PERFORMANCE 


The fuel pump inlet preignition pressure and temperature was 30.9 N/cmé 
(44.8 psia) and 277°K (39°F), respectively. These fuel pump inlet conditio 
were within the F-1 engine model specification limits as shown in Figure 5- 
The preignition temperature at the fuel pump inlet was considerably lower 
than the fuel bulk temperature of 292.6°K (67°F). Similarly, the LOX pump 
inlet preignition temperature and pressure was 55.4 N/cmé (80.3 psia) and 
96.4°K (-286°F), respectively. The LOX pump inlet conditions were also 
within the F-1 engine model specification limits as shown in Figure 5-1. 
The fuel and LOX ullage pressures were 20.1 N/cm2 (29.2 psia) and 18.2 N/cm 
(26.39 psia) respectively at ignition. 


The engine startup sequence was nominal. A 1-2-2 start was planned and 
attained. Engine position starting order was 5, 3-1, 4-2. Two engines are 
considered to start together if their combustion chamber pressures reach 

79 N/cm2 (100 psig) in a 100-millisecond time period. Figure 5-2 shows 

the thrust build-up of each engine indicative of the successful I-2-2 start 
A combustion chamber pressure spike of approximately 82.7 N/cm@ (120 psi) 
occurred at -2.93 seconds during the startup of engine position 2. This ty 
pressure perturbation has been observed during engine production and develo 
ment testing and is associated with thrust chamber fuel system priming char 
acteristics. The pressure perturbation is not considered detrimental to 
engine operation. The main oxidizer valve (MOV), main fuel valve (MFV) and 
gas generator (GG) ball valve opening times during engine transient were 
nominal and compared well with the predicted values based on stage acceptan 
test data. 


The propellants consumed during holddown were 42,012 kilograms (92,621 1bm) 
by the level sensor data as compared to 42,077 kilograms (92,764 Ibm) by 
the reconstruction analysis. These consumptions are less than the predicte 
consumption of 44,889 kilograms (98,964 lbm). The less than predicted hold 
down consumption resulted in best estimate liftoff propellant loads of 
1,389,147 kilograms (3,062,544 Ibm) for LOX and 605,148 kilograms (1 ,334,12 
lbm) for fuel. 


5.3 S-IC MAIN STAGE PERFORMANCE 


S-IC stage propulsion performance was completely satisfactory. Analysis 


of the performance was accomplished by applying the F-1 engine flight data 
to the reconstruction program of the S-IC propulsion system. All stage 
propulsion performance parameters fell within the predicted three sigma 
limits. Stage thrust averaged over flight time was 0.60 percent higher tha 


predicted. Stage specific impulse was 0.19 percent lower than predicted 


with the difference being essentially constant throughout flight. All 
of the above engine performance parameters compared well with the nominal 
predictions as shown in Figure 5-3. 
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Figure 5-1. S-IC Start Box Requirements 


9-3, 


i 


LOX PUMP INLET TEMPERATURE, 





Individual engine parameters also fell within predicted limits. The thrusts 
of engine positions 1, 2, and 3 were slightly lower than predicted tag values 
when reduced to standard conditions. Engine positions 4 and 5 were higher 
than predicted with engine position 5 exhibiting the greatest deviation 

from the predicted. Engine standard sea level performance is summarized in 


Table 5-1. 


A trajectory simulation program was employed to adjust the propulsion recon- 
struction analysis results using a differential correction procedure. This 
simulation determined adjustments to the reconstructed thrust, mass flow, 

and aerodynamic axial force coefficient to yield a simulated trajectory which 
closely matched the observed mass point trajectory. The results obtained 
using the differential correction procedure are that the sea level thrust 

was reduced by -0.18 percent, and the propellant flowrate was unchanged. 


Total impulse was slightly lower than predicted. The resulting aerodynamic 
axial force coefficient is discussed in paragraph 20.2. 





| / 
F2016 ENGINE VN 


! 





RANGE TIME, SECONDS 


Figure 5-2. S-IC Engine Buildup Transient 
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Table 5-1. S-IC Engine Performance Deviations 


| PARAMETER | ENGINE } PREDICTED | RECONSTRUCTION] DEVIATION — 
ANALYSIS | PERCENT | 
. ; -0.46 | 


Thrust 
















103 N (103 Ibe) 





Specific Impulse 


N-s/kg (1bf-s/1bm) 


Total Flowrate 










kg/s (lbm/s) 


Mixture Ratio 


LOX/ Fuel 





Note: 





Analysis was reduced to standard sea level conditions at 
liftoff plus 35 to 38 seconds. 


Table 5-2 presents a summary, reduced to sea level conditions, of the aver- 
age values and deviations of longitudinal thrust, propellant flowrate, and 
vehicle longitudinal specific impulse. Also included in this table are 
vehicle mass at first motion (-0.48 seconds). Values from the flight simu- 
lation method are compared with postflight reconstruction and the predicted. 


The S-IC stage received outboard engine cutoff signal 1.13 seconds earlier 
than predicted. The total earth fixed velocity at OECO was 17.33 m/s lower 
than predicted. The flight simulation results were used in an attempt to 
explain the time and velocity deviations. To explain the velocity deviation 
an error analysis was made to determine the contributing parameters and the 
magnitude of the velocity deviation caused by each of these parameters. 
Table 5-3 lists the various error contributors and the cutoff velocity 
deviations associated with each. 
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Table 5-2. Comparison of S-IC Stage Flight Reconstruction Data 


With Trajectory Simulation Results 
PARAMETERS UNITS RECONSTRUCTION | FLIGHT DEVIATION | DEVIATION 
; SIMULATION FROM FROM 
PREDICTED |RECONSTRUCTION 
Average sea level N 34,177,915.0 | 34,379,124.0 34,318, 323.0 + 0.41% - 0.18% 
longitudinal thrust|(Ib¢) | 7,683,500.9 | 7,728,734.5 | 7,715,065.9 
Vehicle mass at kg | 2,777,734 2,784,090 2,784,090 + 0.26% 0.0% 
first motion (1lbm) | 6,123,855 6,137,868 6,137,868 
Average propellant |kg/s 13,134.01 13,238.52 13,238.52 | + 0.80% 0.0% 
flow rate (Ibm/s}} 28,955.54 29,185.94 29,185.94 
N-s/kg 2602.2. 2596.9 2596.9 | | a 
ae 265.36 264.81 264.34 | - 0.39% ~ 0.18% 


Since outboard engine cutoff signal was given by a LOX level switch, the only 
quantities which affected the cutoff time are those which altered the level 
of LOX in the tank. Table 5-3 also lists the parameters which contributed 

to the deviation between the predicted and actual cutoff time and the "Age 
contributions made by each. The “difference” noted in Table 5-3 is probably 
due to accuracy of data used in the analysis. 





PREDICTED 


















Average sea level 
Specific impulse 





0-4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE 


Cutoff signal to the inboard engine was received from the IU at 135.52 seconds. 
Cutoff signal to the outboard engines was initiated by LOX depletion and 
occurred at 150.77 seconds. This was 1.13 seconds earlier than the predicted 
time of 151.90 seconds. Time base three in the LVDC, which was initiated by 
the engine cutoff signal, was started at 150.77 seconds. The early OECO was 
caused by thrust, specific impulse, and residual deviations. 


Thrust decay of the F-1 engines is shown in Figure 5-4. The decay transient 
was nominal. The oscillations which occur near the end of "tailoff" are 
Characteristic of the engine shutdown sequence. 


The total outboard engine cutoff impulse from the engine cutoff signal to 
Separation signal was indicated by engine analysis to be 11,660,568 N-s 
(2,621,400 Ib¢-s) Compared to the predicted impulse of 10,108,584 N-s 
(2,272,500 1b -§). Telemetered propulsion data indicated the cutoff Impulse 
was greater ENan expected, however the guidance velocity integrator data 
showed the change in velocity was less than that predicted. The velocity 
increase was 9.1 m/s (29.9 ft/s) compared to the predicted of 11.0 m/s (36.] 
ft/s). With the accuracy of determination of the above parameters and . 
the actual occurrence of OECO with respect to range time, the above cutoff 
impulse and equivalent velocity increase were within the expected values. 
The propellant consumption for LOX and fuel during cutoff was 2.4 percent 
and 4.17 percent greater respectively than the predicted. 
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The S-IC does not have a closed loop propellant utilization system. 
residuals are obtained by attempting to load the mixture ratio of prop- 

ellants which is expected to be consumed by the engines, plus the predicted 
unusable residuals, plus a small additional amount of usable fuel (fuel bias 


Table 5.3 Velocity and Time Deviation Analysis at OECO 
(Simulation Versus Predicted) 


VELOCITY DEVIATION 


DEV. (ACT-PRED) 
AV (m/sec) 








CONTRIBUTING ERROR FACTORS 











Liftoff Weight Increase (0.23%) 
Total Thrust Increase (0.41%) 
Total Propellant Flowrate Increase (0.80%) 
Axial Force Coefficient Difference 
Meteorological Data Difference 

bate LeCO: 0.45 sec) 
Early OECO: (15.13 sec) 
Effect of Extrusion Rods 












Total Contribution 
Observed 







Difference (Observed - Total Contribution) 


TIME DEVIATION 


CONTRIBUTING ERROR FACTORS DEV. (ACT-PRED) 
At (sec) 





Initial LOX Load Increase (0.14%) 
LOX Flowrate Increase (0.80%) 
Late CECO (0.45 sec) 


Short Timer Setting (0.35 sec) 


Total Contribution 
Observed 


Difference 





5.5 S-IC STAGE PROPELLANT MANAGEMENT 


The LOX propellant loaded was in close agreement with the predicted, but the 
fuel loaded was approximately 1436 kilograms (3167 1bm) less than predicted. 
This fuel load was 0.10 percent low, which is well within the predicted thre 
Sigma limits of + 0.5 percent. 


Minimum 
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This fuel bias lowers the probability of large usable LOX residuals. The 
usable residual deviations are a measure of the performance of the propellant 
Utilization system. Table 5-4 shows propellant consumption throughout the 
flight and Table 5-5 shows the residuals after the burn portion of flight. 
The deviations of the usable residuals on this Flight were caused by loading 
and engine consumption deviations along with the timer setting in the LOX 
level cutoff system. This timer setting was 1.2 seconds which was the con- 
servatively predicted time between level sensor gas detection and the time 
when the LOX level reached the desired cutoff level in the Suction ducts. 

It appeared that bubble ingestion due to fluid level dropout occurred earlier 
than predicted. This phenomenon will be evaluated again on AS-502 to determine 
repeatability and if it is repeatable the S-IC-3 timer settings will be re- 
evaluated. 


9.6 S-IC PRESSURIZATION SYSTEM 


o-6.1 S-IC Fuel Pressurization System 

= The helium pressurization system satisfactorily maintained the required 
ullage pressure in the fuel tank during flight. The helium flow control 
valves opened as programed and the fifth flow control valve was not required. 
The heat exchangers performed as expected. 


The low flow prepressurization system was commanded on at ~97.658 seconds 
and performed satisfactorily. However, the ullage pressure increased 
approximately 0.5 N/cmé (0.7 psi) above the maximum switch actuation pres- 
sure of 19.99 N/cmé (29.0 psia) at approximately -63 seconds as shown in 
Figure 5-5. The low flow was not required again during countdown. 


Table 5-4. S-IC Propellant Consumption* 






| LEVEL SENSOR 
EVENT. PREDICTED DATA RECONSTRUCTED BEST ESTIMATE 
X 


Master kg 1,421,113 616,309 }1,421,144 614,279 11,421,434 614,873 11,421,434 614,873 
Ignition (Ibm) | 3,133,018 1,358,729 13,133,087 |1,354,254 3,133,726 11,355,562 [3,133,726 1,355,562 
k 1,385,429 607,104 |1,388,857 604,554 11,388,704 605,526 11,389,147 605,148 
3,054,348 |1,338,435 13,061,906 1,332,814 13,061,568 1,334,956 13,062,545 1,334,122 
TECO kg 147 ,010 69,033 131,910 62,178 132,074 | 63,167 132,517 62,789 
(1bm 310,874 152,192 290,811 137,079 291,174 139,260 292,151 138,426 
OFCO kg 15,271 14,854 18,27] 17,761 13,987 18,200 14,281 
(Ibm) 33 ,667 $2,747 40,280 39,157 30 ,836 40,124 31,485 
: kg 13,058 13,778 15,494 12,866 15,933 13,161 
separation (45m) 28,788 30,375 1 fF 4 34,159 28,365 35,126 29,014 
*Values do not include pressurization gas (GOX) so they | 
will compare with level sensor data. 











) 
Liftoff g 
-0.148 sec. (Ibm) 

) 
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Table 5-5. S-IC Residuals at Outboard Engine Cutoff Signal 


PROPELLANTS PREDICTED ACTUAL DEVIATION | 


LOX RESIDUALS 


*Usable Mainstage QO kg 3,597 kg | +3 ,597 kg 
(O Ibm) ( 7,929 Ibm) (+7929 1bm) 








Thrust Decay And 
Unusable 17,491 kg 17,856 kg + 365 kg 
(38,561 1bm) (39,365 Ibm) (+ 804 1bm) 


FUEL RESIDUALS 


Usable Mainstage **2 419 kg 1,916 kg 
( 5,333 1bm) ( 4,224 Ibm) 


Thrust Decay And 
Unusable 12,390 kg 12,365 kg 
(27,315 1bm) (27,261 1bm) 


*Includes GOX pressurization gas. 
**Fuel bias. 


The fuel high flow prepressurization valve of the ground support equipment 


was commanded on at -4.192 seconds and maintained the ullage pressure with. 
an the band. At launch commit the number 1 helium flow control valve (HFC' 
of the onboard pressurization system was commanded on and increased the 
ullage pressure to 20.33 N/cm2 (29.5 psia) at umbilical disconnect. The 


combination of the ground pressurization system and the onboard pressuriza’ 


system operating simultaneously resulted in a helium flowrate to the tank 


of 2.85 kg/s (6.4 1bm/s) 


The prepressurization low flow and the supplemental flow are controlled by 
the pueDeeas uri zar ol switch with specification limits of 18.96 to 19.99 
N/cm@ (27.5 to 29.0 psia). At termination of low flow prepressurization 
(-63.514 seconds), the switch actuated at 20.20 N/cm@ (29.4 psia) which is 
0.21 N/cm2 (0.3 psi) above the maximum specification limit. The pressure 
switch failed to actuate, and the supplemental flow did not terminate befo 
umbilical disconnect even though the pressure had increased to 20.34 N/cm2 
(29.5 psia). In this case either the switch actuation pressure drifted 
higher or the switch failed. | 


The onboard helium pressurization system performed satisfactorily and main 
tained ullage pressure within the required limits. The number | helium 
flow control valve (HFCV) was signaled to open at launch commit. Since 
flow was still provided from the prepressurization system, flowrates and 
system duct pressures were higher than the specification limits. 


ENGINE THRUST, 10° N 


The highest pressures in the ducting system downstream of the HFCV manifold 


were seen at the inlet to the duct (Reference 60849029 drawing). Figure 5-6 


shows the pressure exceeded the duct specification design, proof pressures, 


and the range of the transducer during the time period of flow overlap. 


The peak pressure was calculated to be about 344.7 N/cmé (500 psia) for the 


2.85 kg/s (6.4 lbm/s) flow. The high flowrates and system pressures were 


not detrimental to the stage ducting for AS-501 flight. During qualification 
testing,the duct demonstrated that it could withstand an excess Of 483 N/cm¢ 


(700 psi) above the specification burst requirements. This operation was 
expected and no action was taken prior to AS-501 launch because of quali- 
fication test results. An Engineering Change Proposal (ECP) is being pro- 


cessed to eliminate the flow overlap by opening the number 1 HFCV at um- 
bilical disconnect. | 


During flight the HFCVs 2, 3, and 4 were commanded open at 49.723, 95.519 
and 133.75 seconds, respectively, which held the ullage pressure within 
the predicted band as shown in Figure 5-7. The number 5 HFCV was not 
required to operate since ullage pressure was maintained ‘above the 5th 


HFCV switch actuation pressure. Helium bottle pressure as shown in Figure 
9-8 stayed within expected limits. 
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Figure 5-4. S-IC Engine Shutdown Transient Performance 
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aks “ae? 5 The heat exchangers performed within the expected performance limits with 
eee ea. the exception of one sampled data point. This particular data point was 
ao just outside the expected performance band with no adverse effects on stage 
performance. 


5.6.2 S-IC LOX Pressurization System 

The LOX pressurization system performed satisfactorily and all performance 
requirements were met. The ground prepressurization system maintained 
ullage pressure within acceptable limits until launch commit. The onboard 
pressurization system subsequently maintained ullage pressure within the 


GOX Flow Control Valve (GFCV) band during the flight. The heat exchangers 
formed as expected. 
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Figure 5-5. S-IC Fuel Ullage Pressure During Countdown 
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Figure 5-6. S-IC Helium Pressurization System 
(Inlet to 60B49029 Duct) 


The prepressurization system was initiated by opening of the ground supply 
valve at -69.226 seconds. The ullage pressure increased until it entered 
the switch band zone which resulted in terminating the flow at approximately 
-61 seconds. The ullage pressure increased approximately 1.17 N/cm@ (1.7 psi) 
above the prepressurization switch setting of 17.93 N/cmé (26.0 psia). This 
overshoot was caused by the closing response time of the GSE valve and the 
high pressure helium in the GSE supply system that "blows down" into the 
tank after the valve is closed. The pressure increased into the relief 
switch band by 0.14 N/cmé@ (0.2 psi), but did not exceed the minimum switch 
actuation pressure of 19.31 N/cm2 (28.0 psia). The higher ullage pressure 
overshoot was expected to occur on S-IC-1 and subsequent vehicles. However, 
because of the smaller ullage volume on S-IC-4 and subsequent vehicles, some 
hardware changes may be required. The ullage pressure decay after initial 
pressurization occurred as the ullage gases cooled down. This caused the 
Prepressurization valve to open at -25.254 seconds. This is typical of the 
System performance as seen during static firing. 


The LOX tank ullage pressure during flight is shown in Figure 5-9. The 
ullage pressure was maintained within required limits by the GFCV through- 
out the flight and followed the anticipated trend. The GFCV reached full 
Open at +120 seconds until the end of Flight. The maximum GOX flowrate 


during full open position of the valve was 24.4 kg/s (54 lbm/s). The GOX 
flow requirements for the remaining four engines increased after inboard 
engine cutoff until outboard engine cutoff. The heat exchanger performance 
showed some of the outlet temperature data points were above the expected 


performance limits; however, these temperatures did not exceed design limits 
of the ducting. 


5.7 S-iC PNEUMATIC CONTROL PRESSURE AND PURGE SYSTEM 


The control pressure system on the S-IC stage performed satisfactorily 
during the 152-second flight. The functions of the system are: 


a. Close LOX and fuel prevalves after engine cutoff. 

b. Open LOX and fuel tank vent and relief valves if required. 
c. Hold LOX interconnect valves closed. 

d. Hold helium fill valve closed. 


The actual pneumatic control regulator outlet pressure measured 920 N/cmé 
(755 psia) as shown in Figure 5-10. The control pressure system succeeded 
in actuating the prevalves after engine cutoff. All instrumented prevalves 
indicated closed positions. A slight drop in regulator outlet pressure was 
observed when engine number 5 prevalves were closed at approximately +136 
seconds and again when engines number 1 through number 4 prevalves were 
closed at approximately +151 seconds. This is also shown in Figure 5-10 

of outlet pressure trace. 


The turbopump LOX seal gas generator actuator housing, and radiation calori- 


meter purge systems performed satisfactorily during the 152 second flight. 
The LOX Dome and GG LOX Injector Purge System also met all requirements. 
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Figure 5-7, S-IC Fuel Ullage Pressure During Boost 
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Figure 5-8. S-IC Helium Bottle Pressure for Fuel Pressurization 
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Figure 5-9. S-IC LOX Ullage Pressure 
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S-IC Pneumatic Control Regulator Outlet Pressure 
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SECTION 6 
S-II PROPULSION 


6.1 SUMMARY 


The S-II propulsion system operation during flight was satisfactory. The S-II 
Stage performance was lower than predicted by very smal] percentages. Stage 
thrust as determined by telemetered propulsion measurements at 60 seconds of 
mainstage operation was 1.4 percent below the prediction value. At the same 
time period, total vehicle flowrate was 1.7 percent below prediction while the 
Specific impulse exceeded the predicted level by 0.23 percent. 


On the basis of flight Simulation, the overall] average S-II stage thrust and 
mass loss rate were 1.17 percent and 1.30 percent lower than predicted re- 
spectively. The specific impulse was higher by 0.14 percent during high mix- 
ture ratio operation. 


The lower performance was attributed to engines numbers 2, 3, and 5, which 
required replacement of LOX turbopump assemblies after Stage acceptance. The 
effects of these changes were not incorporated into the Flight prediction, 
however the effects of these changes were within the predicted limits. Per- 
formances of engines 1 and 4 were very close to predicted. 


Engine performance repeatability at 60 seconds from Engine Start Command (ESC) 
was within the allowable Stage acceptance range. Engine thrust, mixture ratio 
and specific impulse were within 1.0 percent for all engines except number oy 
which deviated by -2.6 percent on thrust and -1.5 percent on mixture ratio. 
The allowable engine acceptance performance variations are 3.0 and 2.0 per- 
cent for thrust and Engine Mixture Ratio (EMR) respectively, at rate conditions. 


The propellant utilization system performed satisfactorily. Because of lower 
than predicted propellant flowrates and mixture ratios during the high EMR 
portion of S-II operation, PU step time was later than predicted by 15 sec- 
onds, but well within the allowable of + 50 seconds. S-II burn time was ap- 
proximately five seconds longer than predicted due to low propellant flow- 
rates and a lower than predicted reference mixture ratio (RMR) setting. Pro- 
pellant loadings were 0.173 percent less than predicted for LOX and 0.221 per- 
cent less than predicted for LH2. Residuals (propellant mass at S-II engine 
cutoff [ECO] in tanks only) were 1905 kilograms (4200 lbm) for LOX and 2748 
kilograms (4735 Ibm) for LH? versus the predicted 1458 kilograms (3210 Ibm) 
LOX and 1936 kilograms (4268 Ibm), LH2. 
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The subsystems operationally met all performance requirements, however, some 
out-of-band behaviors did occur and are discussed in the following paragraph: 
The LH2 stage fill valve closed slower than expected but within allowable 
tolerances. Changeout of the lip seal is being considered at this time. 


The engine servicing system performed satisfactorily during prelaunch oper- 
ations. At liftoff and S-II ESC, the engine start tank, the helium tank, an 
Se ee | the thrust chamber conditions were within the required limit. In order to 
oe eo eer improve the performance margins of this system, recommendations are being 
Ge ree a considered to modify the start tank and thrust chamber redlines and to reduc: 
the Ground Support Equipment (GSE) regulator pressure supplying GH2 to the 
start tanks. 


The LHo pressurization system supplied more than adequate Net Positive Sucti 
Pressure (NPSP) to the engines at start and throughout mainstage. An LH? ta 
ullage pressure decay of 0.689 N/cm@ (1.0 psi) occurred between end of press 
zation on the ground to S-II ESC versus a predicted rise of 0.345 N/om@ (0.5 
This was of no consequence for AS-501 but may be of concern for AS-502 due t 
lower LHo ullage pressure. It has been recommended that a LH2 "hi-press" 
operation like that implemented for the LOx tank on AS-501 be included after 
initial pressurization. This will provide the additional margin required to 
meet engine inlet pressure requirements on AS-502. 


A high LH2 bulk temperature resulted in slightly higher than predicted pump 
inlet temperatures at S-II ESC. This high Li2 bulk temperature was caused 
by a high prelaunch vent stack back pressure. A modification to the Facilit 
Hydrogen Disposal System is expected to reduce this high vent stack back 
pressure. 


The LOX pressurization system supplied more than adequate NPSP to the engine 
at start and throughout mainstage. At liftoff minus 19 seconds, the LOX 
ullage pressure was marginal with respect to the requirement. To prevent 
this potential launch-abort condition from occurring on future flights the 
following recommendations are under consideration: 


a. Evacuate the common bulkhead, which will greatly reduce LOX tank ullage 
gas heat loss to the LH? tank. 


b. Eliminate LOX "hi-press" since it would not be necessary with a common 
bulkhead vacuum. 


c. Reduce the redline from 26.9 N/cm@ (39 psia) to 25.2 N/cm2 (36.5 psia). 


At approximately 300 seconds after S-I1 ESC the LOX tank ullage pressure 
dropped out of the GOX regulator band. This was the result of an abnormal. 
low GOX volumetric flow from the engine 4 heat exchanger and was possibly 
due to an obstruction in the heat exchanger flow path. No changes were rec 
ommended for the AS-502 flight. However, the possibility of opening up a 
redundant coil in the engine heat exchanger on later stages is being consid 
ered. This change will require investigation by the engine contractor and 
possible testing on the S-II battleship. 
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-* A greater than expected helium pneumatic gas usage occurred at ESC. This was 
caused by a slow closing helium purge valve on engine 2. Contamination of 
this valve was suspected and a modified valve including a filter has been 
implemented for future vehicles. 


6.2 S-IT CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 


The thrust chamber temperatures at prelaunch were satisfactory although they 
were on the low side of the predicted range. These temperatures ranged from 
108.8 °K (-264 °F) to 100.8 °K (-278 °F) as shown in Figure 6-1. Engine 
number 3 showed 115.9 °K (-251 °F) which was well below the maximum redline 
of 144.3 °K (-200 °F). 


The thrust chamber warmup rates of 22.8 °K to 33.9 °K (41 °F to 61 °F) ex- 
ceeded the predicted 16.7 °K (30 °F) rise due to a warmer than expected 
engine environment. The high warmup rates coupled with the low chill result- 
ed in nominal conditions at engine start. This greater than expected heatup 
rate resulted in thrust chamber temperatures at ESC of 141.5 °K to 125.7 °K 
Pi ae mer a °F), which was well within the maximum allowable of 161 °K 
Se 2170. °F): 


This high thrust chamber heatup rate could result in exceeding the maximum 
allowable temperature at ESC if combined with a chilldown condition in the 
upper portion of the predicted band. This could then result in a engine/ 
pump stall condition or "no start". Consequently, it was recommended that 
the prelaunch redline be reduced by 17.7 °K (30 °F) which shifts the require- 
ments from 144.3 °K to 127.5 °K (-200 to -230 °F). To ensure meeting the 
new redline, the auto sequence permissive temperature should be reduced from 
161 °K to 150 °K (-170 to -190 °F). Because of changes to engine thrust 
chamber temperature start requirements (raised from 161 °K to 172 °K [170 °F 
to -150 °F]) and pending verification of the thrust chamber temperature rise 
rates, further changes to redline requirements may be expected. GSE and 
Stage systems can meet the new redline and permissive temperatures as demon- 
strated on the AS-501 flight. 


Both pressure and temperature results of the J-2 engine start tanks were 
within the required prelaunch and engine start box conditions. These start 
tank conditions occurred near the cold side of the box as shown in Figure 6-2. 
This start tank condition was caused by pressurization from a high chill pres- 
sure of 506 to 827 N/cmé (735 to 1200 psia) and a different than expected 
environment in the S-IC/S-II interstage. This pressurization procedure 
was different from the lower pressurization conducted during static testing 
foe at Mississippi Test Facility (MTF). This higher pressurization results in an 
aoe extended chilldown time which causes slightly higher pressures at prelaunch. 
If the allowable two minute hold occurs between start of pressurization (from 
liftoff -277 seconds to liftoff -187 seconds) the maximum heatup rates will 
cause the start tank relief valve to open. This mode of operation is undesir- 
able and the following recommendations are under consideration: 


a. Revise start tank prelaunch and engine start box conditions. 
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Figure 6-1. 
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b. Revise the pressurization regulator setting from 830 + 10.3 N/cmé 
(1205 + 15 psia) to 808 + 10.3 N/cmé (1175 + 15 psia). 


c. Reorifice the GSE heat exchanger to provide warmer chill gas for the 
start tank. 


The engine helium tank pressures were within the required prelaunch and engine 
start limit of 2376 N/cmé (3446 psia), however, the tank pressure at ESC was 
above the predicted band. Engine number 3 had the highest pressure of 

2352 N/cm@ (3411 psia). This was caused by the ground regulator pressure 
setting being high. A greater than expected helium pneumatic gas usage oc- 
curred at ESC which was caused by the slow closing of the helium purge valve 
on engine number 2. The closure of this valve occurred 4 seconds after ESC. 
Contamination of this valve was suspected and a modified valve including a> 
filter has been implemented for future vehicles. 


Prepressurization of the propellant tanks was performed during the prelaunch 
automatic sequence, attaining an LH2 ullage pressure of 22.4 N/cmé (32 psia) 
and a LOX ullage pressure of 26.6 N/cm2 (38 psia). LOX tank ullage pressure 
was further increased to 28.0 N/cm2 (40 psia) at liftoff minus 30 seconds. 
The LH2 and LOX ullage pressures at ESC command were 21 N/cmé (31 psia) and 
24.0 N/cm2 (34.8 psia), respectively, well within the required limits. 


Both the LH2 and LOX recirculation systems performed satisfactorily giving 
satisfactory pump inlet conditions as shown in Figure 6-3. However, the LH2 
temperature was greater than predicted. This higher LH2 pump inlet tempera- 
ture was greater than expected due to a high LH2 bulk temperature. This 

high bulk temperature, as shown on Figure 6-4, was caused by a high prelaunch 
vent stack back pressure. A modification to the Facility Hydrogen Disposal 
System is expected to reduce this high vent stack back pressure. The S-IVB 
stage experienced the same condition. 


Individual J-2 engine thrust buildups were completely satisfactory. Figure 6- 
shows that each engine lies within the required envelope. The slowest thrust 
buildup was exhibited by engine number 3 which repeated its performance dur- 
ing stage acceptance. The most rapid buildup occurs on engine number 4. As 
expected, all buildup rates were faster and more uniform than those measured 
during stage acceptance at sea level. 


The small disturbance apparent in the buildup of engine number 4 approximate l: 
three seconds after S-II engine start, was attributed to the action of the 
main LOX valve. Main thrust chamber pressure and main LOX valve position are 
shown on a common time axis in Figure 6-6. The initial second position ramp 
rate for the valve is quite slow, resulting in a more rapid than normal engin 
buildup. After the excess hydraulic forces on the valve gate are relieved, 
the valve moves rapidly to the full open position and the system returns to 
jts normal operating level. 
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Figure 6-5. S-II Engine Thrust Buildup 
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Similar operating characteristics were observed during stage acceptance 

BE he oe testing of S-II-3 at MTF and have occurred many times during engine accep- 
Sa ae tance. The engine manufacturer does not consider this Characteristic to be 
ee detrimental to engine reliability. No problems resulted in mainstage opera- 
pe tion as a result of the small disturbance in thrust buildup. 


6.3 S-II MAIN STAGE PERFORMANCE 


The stage performance during mainstage operation was Satisfactory, but slightly 
below the predicted performance. A comparison of predicted and actual per- 
formance of thrust, total flowrate, specific impulse, and mixture ratio is 
shown in Figure 6-7. The deviations in predicted performance on the individ- 
ual engines ranged from a -2.6 percent to + 0.2 percent thrust as shown in 
Table 6-1. This table also shows the Specific impulse, total flowrate and 
mixture ratio deviation from the predicted. 


The total stage thrust at 60 seconds after ESC was 5,056,695 Newtons 
(1,136,847 Ib) as compared to a predicted of 5,128,544 Newtons (1,153,000 Ib¢). 
The stage specific impulse, propellant flowrate, and mixture ratio was 

4180 N-s/kg (426.2 lb¢-s/Ibm), 1210.0 kg/s (2667.5 Ibm/s) and 5.53 (LOX/Fuel), 
respectively. This stage performance was in close agreement with the pre- 
dicted of 4170 N-s/kg (425.2 Ibf-s/lbm), 1230.8 kg/s (2713.5 lbm/s), and 

9.97, respectively. | 


Two separate analyses were employed in reconstructing S-II Stage propulsion 
system performance. The first method, propulsion reconstruction analysis, 
utilized telemetered engine and stage data to compute longitudinal thrust, 
Specific impulse, and stage mass flowrate. In the second method, flight 
Simulation, a six-degree-of-freedom trajectory simulation was utilized to 

fit propulsion reconstruction analysis results to the trajectory. Using 

a differential correction procedure, this simulation determined adjustments 

to the reconstruction analysis of thrust and mass flow histories to yield a 
simulated trajectory which closely matched the observed mass point trajectory. 
These results were obtained by an iterative adjustment procedure which resulted 
in an increase of 0.14 percent and 0.45 percent to the total average thrust 
and flowrate respectively. The resulting decrease in specific impulse was 

0.3 percent. A comparison of the predicted, reconstructed and simulated pro- 
pulsion performance is given in Table 6-2. 


The fit of the simulated trajectory to the observed trajectory was very good 
with the maximum deviations occurring near S-II ECO. The deviations in 
velocity and acceleration were 1.0 m/s and 0.1 m/s2, 


6.4 S-II SHUTDOWN TRANSIENT PERFORMANCE 


Engine cutoff signal was received 367.624 seconds after S-II start (519.76 

Te ee seconds range time). At this time the total Stage thrust was 4,084,883 Newtons 

oe (918,364 Ibe) and the average EMR was 4,52. The Stage thrust decayed to 

eo oe 9.0 percent of this level in approximately 410 milliseconds. The J-2 engine 
Shutdown transient band as shown in Figure 6-8 was within the model speci - 
fication limits. 
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Figure 6-8. S-II Engine Shutdown Transient 
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The total engine cutoff impulse from engine cutoff signal to zero thrust was 
923,552 N-s (207,633 lbe-s) compared to a predicted cutoff impulse of 
1,012,860 N-s (227,700 Ibe-s). This greater-than-expected cutoff impulse re- 
sulted in a velocity increase of 4.7 m/s (15.42 ft/s) compared to the pre- 
dicted of 4.2 m/s (13.8 ft/s). The velocity increase had good correlation 
with the cutoff impulse change from predicted. 


6.5 S-II] PROPELLANT MANAGEMENT 


The propellant management system satisfactorily performed the functions of 
propellant loading, mass indication, point sensor level indication and 
propellant utilization. 


The LOX tank was filled through the 15.2 cm (6 inch) replenish line at a 
slow rate of 0.0574 m3/s (900 gpm) maximum as a result of problems encountere 
with the fast-fill system during countdown demonstration tests. THe Faery c) 
Propellant Tanking Control System (PTCS) functioned satisfactorily during 
S-II loading and replenishing. The best estimates of propellants loaded were 
69,416 kilograms (153,036 lbm) LH2 and 358,416 kilograms (790,171 lbm) LOX 
based on flowmeter integration from the 3.0 percent LH2 point sensor indica- 
ted mass and the 2.0 percent LOX point sensor indicated mass. This compares 
to predicted values of 69,569 kilograms (153,375 Ibm) LH2 and 359,037 kilo- 
grams (791,542 lbm) LOX. 


At 5.5 seconds after ESC, the "PU activate” command was received and the PU 
valves stepped from the nominal engine start position of 5.0 EMR to the 
full-closed position, providing a nominal EMR of 5.5 for the first phase of 
S-II Programmed Mixture Ratio (PMR). The PU valves moved off the high EMR 
stop at 265 seconds compared to the predicted of 250 + 50 seconds as shown 
in Figure 6-9. This PU step resulted in a thrust drop of 971,812 Newtons 
(218,483 Ibe). The later than nominal step time was attributed to a lower 
than predicted RMR setting. The EMR started to decrease at 277 seconds, 
gradually moving towards a time averaged value of 4.66 EMR versus the pre- 
dicted value of 4.77 EMR. Oscillations about this average were due to probe 
nonlinearities. A minimum value of 4.62 EMR occurred at 325 seconds and a 
maximum value of 4.68 EMR occurred at 357 seconds. Figure 6-10 shows the 
probe/tank mismatch as determined by comparison of mass data from the point 
sensors, PU probes, and flowmeters. The PU system error at cutoff signal 
was + 116 kilograms (+255 Ibm) of LH2 relative to that predicted at the 
actual LOX cutoff level. This was well within the allowable error of 

+ 664 kilograms (+ 1465 1bm) LH2. 


LOX depletion cutoff signal was received at 519.76 seconds, resulting in 
367.624 seconds S-II burn time at which time the LOX remaining in the tanks 
and sump was 1905 kilograms (4200 lbm) versus 1458 kilograms (3210 1lbm) pre- 
dicted. The LHp remaining in the tank was 2147 kilogram (4735 1lbm) versus 
1936 kilograms (4268 Ibm) predicted. This was determined by extrapolation 
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of point sensor data from the 2.0 percent LOX level and the 3.0 percent LH» 


level to the time of cutoff signal. The higher than predicted residuals were 
due to deletion of a 0.5 second time delay originally planned. 


A comparison of propellant masses measured by the Flowmeters, point sensors, 
and PU probes is given in Table 6-3. The best estimate mass at S-II ig- 

nition and cutoff, as determined from capacitance probe point level sensors, 
Flow meters and the trajectory simulation was 642,079 kilograms (1,415,542 Ibm) 
and 210,967 kilograms (465,103 Ibm) respectively as shown in Figure 6-11. 


The propellant slosh frequencies during S-IC and S-II burn were approximately 
two radians per second. The slosh effects were Significantly attenuated by 
the electronic filters and PU system performance was stable throughout S-II 
Stage flight. Further slosh analysis is being conducted. 


6.6 S-II PRESSURIZATION SYSTEM 


6.6.1] S-II Fuel Pressurization System — 

During prepressurization, the LH> tank was pressurized to the pressure switch 
setting of 22 N/cmé¢ (32 psia). No helium makeup was required. During S-IC 
boost, the LH tank pressure decayed 0.69 N/cm2 (1.0 psi). It was predicted 
that the ullage pressure would decay midway through S-IC boost and then in- 
crease again for a net gain of 0.34 N/cmé@ (0.5 psi) over the pressure switch 
‘setting as shown in Figure 6-12. The ullage pressure at engine start was 
21.4 N/cmé (31.0 psia) compared to the predicted pressure of 22.4 N/cm2 
(32.5 psia). Consequently, the LHe ullage pressure at ESC was 1.0 N/cm2 
(1.5 psia) lower than predicted. This pressure decay was probably lower 
than predicted due to a higher than expected heat loss from the ullage gas 
to the LHo. Since the pressurization control bands were lowered 1.7 N/cm2 
(2.5 psi) for structural reasons on AS-502 only, it is recommended that the 
LH2 prepressurization sequence be changed to assure colder ullage and/or to 


Table 6-3. S-II Propellant Consumption 


PREDICTED PU SYSTEM ENGINE FLOW LEVEL SENSORS BEST ESTIMATE 
UNITS INTEGRAL ANALYSIS 


EVENT | 

Engine Start 359 ,037 69,569 | 359,037 69,596 | 358,415 | 69,416 | 358,608 | 69,739 | 358,415 | 69,416 
Comma 791,542 | 153,375 | 791,489 | 183,432 | 790,171 | 153,036 | 792,800 | 153,750 | 790,171 | 153,036 
356,412 68,879 | 356,94) 69,079 | 355,790 | 68,726 | 357,113 | 69,264 | 355,790 | 68,726 
785,754 | 151,852 | 786,921 | 152,293 | 784,383 | 151,516 | 787,300 | 152,700 | 784,383 | 151,516 
Mixture Ratio 76,884 21,772 77,657 18,264 77,053 | 18,030 76,884 | 18,144 77,053 | 18,030 
Step | 169,500 47,998 | 171,205 40,266 | 169,874 | 39,749 | 169,500 | 40,000 | 169,874 | 39,749 

1677 1952 1488 1975 1920 2073 172é 2076 1728 2076 

3698 4303 3281 4355 4233 - 457] 3810 4578 3810 4578 

















*Residual at end of thrust decay in tank and SUMP . 
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Figure 6-11. Stage Mass at S-II Ignition and Cutoff 
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S-II IGNITION MASS, 10° 1bm 


include a "hi-press" mode of operation after initial pressurization. This 
change 1s required to insure that engine start NPSP requirements are met. 


LH2 tank pressurization during flight was normal. The regulator controlled 
the ullage pressure within the control band up to the time step pressuriza- 
tion was initiated at 320 seconds from engine start. The ullage pressure 
increased after step pressurization and at cutoff was at 22.1 N/cm2 

(32.0 psia) which agrees with the prediction as shown in Figure 6-13. 


No fuel pressurization venting was experienced and pump inlet conditions were 
met as shown in Figure 6-14. 


6.6.2 S-II LOX Pressurization System 


Prepressurization of the S-II stage LOX tank was normal. Approximately 

60 seconds were required to prepressurize the LOX tank to the pressure switch 
setting. Several helium makeup cycles were required to maintain LOX tank 
pressure within the pressure switch settings. At -40 seconds "hi-press" 

was initiated increasing the LOX ullage pressure to the vent valve cracking 
pressure of 27.58 N/cmé (40.0 psia). The vent valve reseated at 27.23 N/cm2 
(39.5 psia). At -19 seconds, just prior to liftoff, the S-II stage LOX 
ullage pressure approached the redline value of 26.89 N/cm2 (39 psia) which 
was probably due to LOX tank vent valves reseating at 27.23 N/cmé (39.5 psia) 
during the "hi-press" operation. In addition, the measurement being monitored 
by the redline observer was probably reading somewhat lower than actual. 
Ullage pressure was within limits at J-2 start. To prevent this potential 
launch-scrub condition from occurring on future flights the following recom- 
mendations are under consideration: 


a. Evacuate the common bulkhead, which will greatly reduce LOX tank ullage 
gas heat loss to the LH? tank. 


b. Eliminate LOX "hi-press" since it would not be necessary with a common 
bulkhead vacuum. 


c. Reduce the redline from 26.9 N/cmé (39 psia) to 25.2 N/cm2 (36.5 psia). 


During S-IC boost the LOX tank ullage pressure decayed 3.2 N/cm2 (4.7 psi). 
Predicted decay was 2.6 to 3.5 N/cmé (3.7 to 5.1 psi). LOX tank ullage pres- 
Sure at engine start was 24.0 N/cmé2 (34.8 psia). Figure 6-15 shows the LOX 
tank ullage pressure during prepressurization and S-IC boost. The LOX tank 
pressure exhibited its characteristic drop of about 2.1 N/cmé (3.0 psi) dur- 
ing the first 15 seconds from engine start. The regulator controlled the 
ullage pressure within its control band up to approximately 300 seconds at 
which time the pressure dropped below the control band of 24.8 N/cm2 

(36.0 psia) as shown in Figure 6-16. During the same period of time, all S-II 
heat exchangers experienced a decrease in outlet temperature as shown in 
Figure 6-17. The decrease in outlet temperature was expected at EMR step, 
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Figure 6-13. S-II LHy Ullage Pressure During S-II Burn 
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Figure 6-14. S-II Fuel Pump Inlet Conditions 
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Figure 6-15. S-II LOX Ullage Pressure During Prepress and S-IC Boost 
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but was expected to recover as noted during static firings. Engine 4 heat 
exchanger experienced a higher outlet temperature than predicted, possibly 
due to a restriction in the heat exchanger which caused an overall loss in 
exchanger efficiency. This decrease in heat exchanger efficiency probably 
caused the decrease in ullage pressure. However, LOX pump inlet conditions 
were met as shown in Figure 6-18. 


6.7 S-IIT PNEUMATIC CONTROL PRESSURE SYSTEM 


Valve actuations in both the LH? and LOX circulation systems are controlled 
by a subsystem of the pressurization system. Helium gas at an initial temp- 
erature of 294.3 °K + 16.7 °K (70 + 30 °F) is used as the pressurant. The 
gas enters the subsystem through a disconnect and is stored at 2068.4 N/cm2 
(3000 psig) nominal, in the main receiver. The gas then flows through a 
pressure regulator. Check valves downstream of the regulator prevent the 
loss of helium stored in surge chambers in the event of line breakage: upstre 
of the check valves. Relief valves operate at 551.6 N/cm2 (800 psig) and 
prevent over-pressurization of the system as a result of increased gas temp- 
erature or regulator seat leakage. 


The pneumatic control system on AS-501 functioned satisfactorily as shown i1 
Figure 6-19. Table 6-4 shows the S-II helium mass used by the pneumatic 
control or valve actuation system. 


Table 6-4. S-II Helium Mass: 







PNEUMATIC CONTROL PRESSURE SYSTEM 
























| LAUNCH | HELIUM MASS READINGS 

| SEQUENCE ; (AS 501) 
a ACTUAL PREDICTED | 
| Liftoff 1.76 kg 1.62 kg | 
| Minus 30 Seconds: (3.88 Ibm) (3.58 1bm) 



















| S-II Engine 
Start Command 


1.76 kg 
(3.88 1bm) 


1.60 kg 
(3.52 Ibm) 
























: S-II Engine 
| Cutoff_Command _ 


NOTE: Helium mass does not include engine control bottle gas. 






1.57 kg 
(3.46 1bm) 


Taos: KG 
(2.93 1bm) 
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Figure 6-18, S-II LOX Pump Inlet Conditions 
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6.8 CAMERA EJECTION SYSTEM 


The camera ejection subsystems performed satisfactorily and functioned as 
designed. The cameras were programed for ejection to start at 37.7 second 
after S-II engine start and actually ejected at the predicted time. 


Figure 6-20 compares the two pneumatic subsystems. It appears that both 
Subsystems leaked and a greater leak existed in the position III subsyster 
as evidenced by the lower storage bottles pressure, however, sufficient pr 
Sure was available to provide positive ejection. Both subsystems show the 
same ejection characteristics based on an approximate pressurization decay 
of 137.9 N/cm2 (200 psi) during ejection. 


Table 6-5 shows the initial helium mass in the system and the mass decay t 
occurred due to the ejection of the camera capsule. 


6.9 HELIUM INJECTION SYSTEM 


The inflight helium injection system supplements natural convection recirc 
tion in the LOX recirculation line. This system injects ambient helium in 
the bottom of the return lines to decrease the return line fluid density, 
and thereby increasing the recirculation driving force. 


Performance of the helium injection system was satisfactory. Requirements 
were met and parameters were in good agreement with predicted values. Pre 
Surization of the helium supply bottle was normal but the end pressures we 
Slightly higher than predicted. The supply bottle was loaded with 1.50 ki 
grams (3.3 lbm) and by ESC was .95 kilograms (2.1 Ibm). This usage of hel 
mass resulted in a helium injection flow rate of 1.53 SCMM (54 SCFM). 


Table 6-5. S-II Camera Ejection System Helium Mass Usage 


! LAUNCH 
SEQUENCE ACTUAL PREDICTED 


} Storage Bottle, Mass, 
jat Fill Valve ; Q.37 kg Q.37 kg 
Closure (0.81 1bm) (0.81 ]bm) 


| Leakage Loss,Fill 
| Valve Close to . 0.00 ‘3 
| Camera Eject , (0. 00 1bm) (0.00 Ibm) 


Camera Ejection 0.02 kg 
Usage (0.04 1bm) (0.04 Ibm) 





6-28 


800 





RECIRC VALVES 900 
CLOSED 
700 
PREVALVES 
“600 CLOSED < 
Go Ww 
= 700 ~ 
x > 
Z 500 a 
Ww Lad 
nt m~ 
a Qa. 
Qa. 
= 7 
ud = 
= 400 = 
5 AIRBORNE 
aa LINE VENT 
300 
S-II ESC 
152.12 SECONDS j S-1T ECO | 
519.759 SECONDS 
200 | 
-50 0 50 100 150 200 250 300 350 400 450 500 
RANGE TIME, SECONDS 

2200 


2000 


8 


STORAGE BOTTLE PRESSURE, N/cm@ 
STORAGE BOTTLE PRESSURE, psia 


| CAMERA 
152.12 SECONDS EJECTION 


| | ® 189.82 SECONDS 
-150 -100 ~50 0 50 100 150 200 250 300 
RANGE TIME, SECONDS 





Figure 6-20 S-II Camera Ejection System Pressures 


6-29/6-30 





































































































































































































































































































" 









































®. 









































SECTION 7 
S-IVB PROPULSION 


7.1 SUMMARY 


The J-2 engine performance was satisfactory throughout the Operational phase 
of the S-IVB/501 flight. The J-2 engine was successfully restarted in Space 
following the two revolution coast period. The average stage performance 
percent deviations from the predicted are summarized below: 


First Burn Second Burn 
a. Thrust -0.9] +1.68 
b. Specific Impulse -0.1] -0.42 


The postflight performance simulation-trajectory match results for first burn 
Showed a 0.21 percent increase in thrust over propulsion reconstruction while 
the mass flowrate had an increase of 0.08 percent. The first burn time was 
6.2 seconds longer than predicted. This longer burn time can be attrib- 
uted to lower thrust, lower mass flowrate, lower separation velocity com- 
bined with a higher initial weight, and a higher separation altitude. Spec- 
ific impulse was 0.14 percent greater than reconstruction results. 


The second burn simulation-trajectory match compared to propulsion reconstruc- 
tion indicated a 0.67 percent increase in thrust and 0.49 percent increase 

in mass flowrate. A 15.18-second shorter burn time was primarily due to a 
nigh EMR operation for the first 55 seconds of mainstage. Specific impulse 
was 0.096 percent greater than reconstruction results. 


Extrapolation of propellant flowrates to depletion indicates that a LOX 
depletion would have occurred approximately 38 seconds after second burn 
velocity cutoff with a usuable LHo residual of 40 kilograms (89 Ibm). This 
yielded a Propellant Utilization 7p) efficiency of 99.96 percent. 


The subsystems operationally met all performance requirements. However, 
out-of-band behavior occurred on some systems as discussed in the following 
paragraphs. 


A high LHo bulk temperature resulted in slightly higher than predicted pump 
inlet temperatures at S-IVB Engine Start Command (ESC). This high LH> bulk 
temperature was caused by a high prelaunch vent stack back pressure. A 
modification to the facility hydrogen disposal system is expected to reduce 
the high vent stack back pressure on future flights. | 
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The Continuous Vent System (CVS) performed satisfactorily, but had an erron- 
eous telemetered transducer output of the vent pressure during orbital coast 
and second burn operation. This erroneous transducer output was probably 
caused by thermal environment and precipitated the premature termination of 
the repressurization procedure by a ground command. This type of occurrence 
with. similar action from a ground command on future flights could result in 
a "no start" for second burn operation. Investigations revealed that the 
pressure transducers were mounted directly on the vent line, and hence were 
Subjected to the 25° K (-144.7° F) gas temperature. This temperature far 
exceeded the qualified operating range for these transducers. Remote locati 
of the transducers will be accomplished for AS-502 and subsequent launch 
vehicles. 


The pneumatic control system performed satisfactorily during boost and first 
burn operations. During orbital coast a system leak developed, but sufficie 
helium supply pressure was available to complete all second burn operations. 
iy Oe This leak continued during the third revolution and resulted in the supply 
ee oe pressure eventually dropping below the regulator setting after the end of 
a ae | the S-IVB mission. The exact cause of the leak has not yet been determined. 
The leak is probably associated with one or more of the seven actuation 
control modules, or the regulator backup calips switch. Corrective action 
1s being taken in both areas. 


The cold helium supply for LOX tank pressurization was more than adequate to 
meet flight requirements. During orbital coast the pressure in the spheres 
apparently decreased indicating a leak. However, supporting analyses indica 
leakage did not occur and that the pressure reading is in error. 


An unexpected decay of LH ullage pressure was experienced after termination 
of the repressurization procedure. The lower than predicted ullage pressure 
can probably be attributed to a malfunction of the diffuser. Premature 
termination of the ambient repressurization operation, a cooler blowdown 

of the repressurization bottles, and an energy loss from the ullage gas 
resulting from interaction with the liquid bulk added to the problem. 
Corrective action is in progress. 


a The Auxiliary Propulsion System (APS) performed satisfactorily with less tha 
Shh ee 75 percent consumption of the propellants. However, a marked deterioration 
"re in thrust for APS engines Iry and Iy] may have been experienced after space- 
craft separation. APS engine Iyyz exhibited an apparent chamber pressure 
decrease to 55 percent of nominal which may have been caused by a restrictio 
of propellant flow to the engine. This is still under investigation. 


7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN 


The propellant recirculation systems performed satisfactorily, meeting start 
and run box requirements for fuel and LOX as shown in Figure 7-1]. The thrus 
chamber at liftoff was well below the maximum allowable redline limit of 
147° K (-195° F). At S-IVB first burn ESC, the temperature was 145° K 
(-199° F), which is within the requirement of 183 + 28° K (-160 + 50° F) 

as shown in Figure /-2. 
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Figure 7-1. S-IVB Start Box and Run Requirements - First Burn 
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The chilldown and loading of the engine GH? start sphere and pneumatic 
a a ae control spheres prior to liftoff were satisfactory. Figure 7-3 shows the 
oe See ee ae start tank performance from first burn ESC. At first burn start command the 
i aoe. start tank conditions were within the required S-V/S-IVB region for initial 
start (913.56 + 51.71 N/cm@, 161 + 16.7° K (1325 + 75 psia, 169.7 + 30° F)). 
. are a The discharge was completed and the refill initiated by S-IVB first burn 
ee FSC + 3.88 seconds. The refill was satisfactory and in good agreement with 
Mgr teh eRe, 3 the acceptance test. The control bottle pressure and temperatures at lift- 
ing esas | off were 2126 N/cm@ (3010 psia) and 150° K (-189.7° F). Nominal chilldown 
eee we gee system performance levels were observed during the chilldown operation. 
ee LOX system chilldown, which was continuous from before liftoff until just 
ee eer eae prior to S-IVB first burn ESC, was satisfactory. At ESC the LOX pump inlet 
ee a ei, temperature was 91.4° K (-295.2° F). Nominal chilldown system performance 
gs levels were observed during the chilldown operation. 
The first burn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine manufacturer. The PU system provided 
the proper null setting of the PU valve during the start transient until 
system activation. The thrust buildup to 90 percent performance Start 
Tank Discharge Valve (STDV) + 2.5 seconds) was faster than during the 
acceptance test as expected. The total impulse from STDV to STDV + 2.5 
seconds was 829,451 N-s (186,468 Ibe-s) compared to 547,149 N-s (123,004 
Ib¢-s) during the same interval for the acceptance test. The thrust during 
first burn start is shown in Figure 7-4. | 
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Figure 7-2. S-IVB Thrust Chamber Temperature - First Burn 
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7.3. S-IVB MAINSTAGE PERFORMANCE FOR FIRST BURN 


J-2 engine steady state first burn performance is presented in Figure 7-9. 
The PU valve was maintained at the full closed position during the main- 
stage period as planned. The overall performance level was satisfactory, 
however, the thrust and oxidizer flowrate were lower than predicted. The 
lower oxidizer flowrate resulted in a lower than predicted engine mixture 
ratio. The steady state performance deviations at standard altitude condi- 
tions are presented in Table 7-1. 


Table 7-1. S-IVB Steady State Performance - First Burn 


ee : FLIGHT % DEVIATION FROM 
bee. PARAMETER PREDICTED RECONSTRUCTION eee esate. 


Thrust N 1,001,490 989 213 
(225,144) (222,384) 





i . Tbe) 
eS EMR 
cig oS oo =e % LOX/Fuel | sie bee 


ISP N-s/kg 4152 4148 


(1b_-s/1bm) (423.4) (423.0) 


LOX Flowrate 
kg/s 204.44 201.73 
(1bm/s ) (450.71) (444 ,74) 


Fuel Flowrate 
36 .76 36.7] 


g/s 
(1bm/s) (81.04) (80.94) 


*Reduced to standard altitude conditions at mainstage +60 seconds. 


A trajectory simulation using a differential correction procedure determines 
adjustments to the reconstructed engine thrust and flowrate to yield a 
simulated trajectory which closely matched the observed mass point trajec- 
tory. The results obtained indicated an increase over reconstructed values 
of 0.21 percent in thrust and 0.08 percent in mass flowrate and 0.14 percent 
in specific impulse for first burn as shown in. Table 7-2. The S-IVB first 
burn time was 6.2 seconds longer than predicted. This longer burn time 

was accounted for as follows: 


Burn Time 
Contributor Deviation Delta (sec) 
S-IVB Thrust -6846 N -1539 lb¢ +06 
S-IVB mass flow -2.09 kg/s ~-4.6 1bm/s +0.0 
Initial mass +433 kg +965 |lbm +].0 
Separation Velocity -134.186 ft/s -40.9 m/s tcc 
Separation Altitude +].404 n mi +2.6 km -1.1 
Total Explained +5 9 
Unexplained +0.3 
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Figure 7-5. S-IVB Steady State Operation - First Burn 
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Table 7-2. Comparison of S-IVB Stage Flight Reconstruction Data - First Burn 


PREDICTED FLIGHT RECONSTRUCTION % DEV. FROM PRED. 


HIGH FIRST BURN | HIGH FIRST BURN | HIGH FIRST BURN | 







PARAMETERS UNITS 
MIXTURE FLIGHT MIXTURE FLIGHT MIXTURE FLIGHT 
RATIO AVERAGE RATIO AVERAGE 


AVERAGE 























1] ,002 ,723 } 002,723 
(225,421) (225,421) 


993 ,648 993,648 


Longitudinal 
(223,381) (223,381) 


N 
Vehicle Thrust (Ibe) 










239.61 239.61 
(528.25) (528.25) 


241.55 241.55 
(532.52) (532.52) 


4151.3 4151.3 






Vehicle Mass kg/s 
Loss Rate (1bm/s) 

















4146.9 4146.9 





Longitudinal N-s/kg 
Vehicle 
Specific Impulse (1b¢-s/1bm) 





















(423.31) (423.31) (422.87) (422 .87) 


FLIGHT SIMULATION % DEV. FROM PRED. % DEV. FROM RECONST. 


HIGH FIRST BURN HIGH FIRST BURN HIGH FIRST BURN 
MIXTURE FLIGHT MIXTURE FLIGHT MIXTURE FLIGHT 
RATIO AVERAGE AVERAGE RATIO AVERAGE 





PARAMETERS UNITS 































995 ,743 995,743 +0.2] 


223,852) (223,852) 


239.8) 239.81 
528 .68) (528.68) 


Longitudinal N 
Vehicle Thrust (Tb¢) 










Vehicle Mass kg/s +0 .081 


Loss Rate (1bm/s ) 

























Longitudinal N-S/kg 4152.5 +0.14 
Vehicle 
Specific Impulse (1b,-s/1bm) 423,44) (423.44) 







7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


The S-IVB engine cutoff was initiated at 665.64 seconds by guidance command 
which was 6.2 seconds later than predicted for first burn. The engine cut- 
off transient was satisfactory and agreed closely with the acceptance test 
and predictions. The total cutoff impulse to 5 and zero percent of rated 
thrust was 210,423 N-s (47,305 Ibe-s) and 232,197 N-s (52,200 Ibe-s), 
respectively. Cutoff occurred with the PU valve in the fully closed 
position (high Engine Mixture Ratio (EMR)). The main oxidizer valve (MOV) ~ 
actuator temperature was 180° K (-136° F) at cutoff. The cutoff impulse 
ge tee ee, was adjusted from these conditions to standard conditions for comparison 
eg ae ae with the log book values at null PU valve position and 255.5° K or 0° F MOV 
Bee sie toe actuator temperature. After these adjustments, the flight values were near 
the log book values. The thrust during cutoff is shown in Figure 7-6. A 
comparison of the predicted and actual velocity increases due to the cutoff 
impulse are presented in Table 7-3. This table shows a 9.5 percent decrease 
in velocity change for the engine flight results over predicted while the 
guidance data indicated a 19.0 percent decrease. 
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Table 7-3. S-IVB Cutoff Impulse - First Burn 


PARAMETER 


Cutoff N- -S 
Impulse (1b f7S) 







% DEVIATION 
FLIGHT FROM PREDICTED 
PREDICTED ENGINE GUID. DATA ENGINE GUID. DATA 


214, 435 232,740 233,038 +85 +8 .8 (aporox) 
(48 ,207 ) (52,200) (52,389) 







































Velocity m/s 
Increase (ft/s) 


1.9 


1.7 -9,5 -19.0 
(6.2) (5.6) 






2 
(6.9) 







250 


Wan FLIGHT DATA 200 


150 


100 


THRUST, 10° 1b, 


90 


TIME FROM ECO, SECONDS 


Figure 7-6. S-IVB Shutdown Transient Performance - First Burn 
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7.5 S-IVB COAST PHASE CONDITIONING 


The continuous vent system shown schematically in Figure 7-/ performed 
satisfactorily, maintaining the fuel tank ullage pressure at an average 
level of 13.4 N/cme (19.5 psia). Nozzle pressure data, thrust, and 
acceleration levels for first and second orbits are presented in Figure /-8. 
Ullage conditions during coast are shown in Figure 7-9. 


The continuous vent regulator was activated at 724.8 seconds range time. 

The tank ullage pressure dropped from 20.3 to 15.4 N/cm¢ (29.4 to 22.4 psia) 
in 152 seconds, and then gradually leveled off to 13.4 N/cm@ (19.5 psia). 
Regulation at this level continued, with the expected operation of the main 
poppet periodically opening, cycling, and reseating (see Figure 7-8). 
Continuous venting was terminated at 11,]68.54 seconds, which was 326 seconds 
before second burn ESC. 


Shortly after the initiation of continuous venting, the nozzle pressures 
began diverging as shown in Figure /-8. oBy the end of the first revolution 
this discrepancy was a constant 2.1 N/cm (3.0 psi). However, the response 
characteristics were still the same. These transducers were mounted direct] 
on the CVS manifold and were subjected to the extremely cold GH2 temperature 
of 25° K (-414.7° F). The divergence was attributed to these thermal 
effects, aS presented in the S-IVB data and paragraph 19.2.3 of this report 
on vehicle measurement evaluation. Following the closure of the continuous 


vent regulator by preprogramed command, the nozzle pressure data indicated 


a normal decrease in pressure for 1 second, a sharp pressure rise, and a 
long period of gradual drop (see Figure 7-8). The nozzle temperatures 
indicated no flow after closure. 


Fuel tank ullage conditions during orbital coast are shown in Figure 7-9. 
Ullage temperature sensors indicated much colder temperatures than antici- 
pated and appeared wet throughout most of the coast period, except for the 
101-percent sensor. These liquid indications were probably caused by a 
higher wall boiloff rate than anticipated, which resulted in a greater 
volume of liquid droplets in the ullage space. Stage contractor contends 
that vapor entrapment in the liquid causes the liquid surface to rise and 
cover the liquid level sensors. However, this theory is inconsistent with 
AS-203 flight. The higher boiloff is also reflected in the total mass 
vented through the continuous vent. The best estimate total mass vented was 
calculated to be 1300 kilograms (2865 lbm). Since the ullage mass at 
continuous vent termination cannot be readily determined, no final boiloff 
mass is available. However, 1365 kilograms (3010 1bm) of LHe boiloff is a 
definite maximum value. 


The engine control bottle temperature was 124° K (-236.7° F) at the start 
of the orbital coast period which was higher than predicted, and the orbi yal 
heat up was lower than predicted. The average leakage rate of 2.26 x 107 
kg/s (0.3 lbm/hr) was comparable to that of the AS-203 flight data, | Ihe 
combined effect produced a flat pressure curve at about 1282 N/cmé (1870 
psia) as measured during the 3-hour coast period. 
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Figure 7-9. S-IVB LHo Ullage Conditions - Coast Phase, Sheet 2 of 2 


The start tank pressure rise attendant with the orbital heat input was suc! 
that the conditions were within the restart envelope approximately 735 sec 
after cutoff. The flowrate through the start tank relief valve balanced tl 
pressure rise due ip the tank heat up which thereby terminated the pressure 
rise at 889.42 N/cm* (1290 psia) at approximately 2835 seconds after cutof: 
The indicated orbital temperature data as shown in Figure 7-3 deviates fror 
the anticipated isochoric line due to local heat effects at the transducer 
However, the indicated data of 889.42 N/cmé (1290 psia), 137° K (-212.7° F 
at second burn start was within the predicted band. 


7.6 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR SECOND BURN 


The propellant recirculation systems performed satisfactorily meeting 
Start and run box requirements for fuel and LOX as shown in Figure 7-10. 
The LHo bulk temperature was greater than predicted due to high vent stack 
back pressure and ullage gas entrapment in the liquid bulk. However, seco 
burn fuel lead generally followed the predicted pattern and resulted in 
satisfactory conditions as indicated by the thrust chamber temperature in 
Figure 7-11. The LH2 injector temperature at STDV opening during second 
burn were 22.9 to 90°K (-418.4 to -297.7° F), respectively. The LHo 
injector temperature at second burn STDV opening was near the mid-point of 
the 22.2 to 167° K (-419.7 to -159° F) fuel injector temperature range © 
presently considered to be acceptable for mainstage start. The 90° K 


(-297.7° F) temperature at the end of the 8-second fuel tead was above’ the 
temperature that would be predicted from AEDC tests. 


The AS-501 flight thrust chamber bulk temperature at the beginning of secol 
burn fuel lead was considerably less than that used for the AEDC tests. 
Therefore, the high injector temperature was not explained by the thermal 
environment and neither was it explained by tank pressure differences. An 
effort is underway to reconcile the differences between the actual flight 
environment and the assumed environment used during AEDC testing. 


The LH2 chilldown system performance for second burn was satisfactory. The 
pump inlet temperature at second burn ESC was 22.4° K (-419.3° F). At 
second burn ESC -10 seconds, the pump inlet pressure was 23.6 N/cm2 

(34.3 psia) and the temperature was 21.8° K (-420.4° F), which yielded a 


Net Positive Suction Pressure (NPSP) of 8.0 N/cmé (11.6 psi). 


Immediately after prevalve opening, the pump inlet temperature was 22.2° K 
(-419.8° F). During the 10-second interval between prevalve opening and 
second burn ESC, the pump inlet temperature rose because chilldown 
effectively ended with prevalve opening. 


Second burn LOX pump chilldown was also satisfactory. At S-IVB second burn 
ESC the LOX pump inlet temperature was 92.1° K (-294° F). At second burn 
ESC -282 seconds, a perturbation occurred in the LOX chilldown system. Al: 
during second burn between ESC -282 and -263 seconds, the chilldown pump 
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Figure 7-11. S-IVB Thrust Chamber Temperature - Second Burn 
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Figure 7-12. S-IVB LOX Pump Chilldown Performance - Second Burn 
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differential pressure and flowrate dropped from nominal to near zero and 
recovered three times as shown in Figure 7-12. This was caused by GOX 
bubble formation on the bottom of the tank. The GOX bubble formation is 
attributed to heat leaks through the aft LOX dome during coast. APS ullage 
acceleration forces resulted in the detachment of the bubble formation from 
the bottom of the LOX tank. As the bubbles Slowly rose from the bottom of 
the tank and passed the chilldown pump inlet, some of the bubbles entered 
the LOX chilldown system. Since the chilldown system recovered to its 
previous level of performance, this two-phase flow disruption did not 
degrade the chilldown. 


The engine control bottle pressure of 1282 N/cmé (1870 psia) was lower than 
the predicted level of 1440 to 1852 N/cmé (2100 to 2700 psia) due to leakage 
in orbit. The measured fuel level blowdown time at second burn start was 
8.55 seconds. The amount of helium consumption during second burn was about 
the same as first burn but the pressure drop was considerably less than 
predicted. This pressure drop was about 137 N/cm@ (200 psi). The pressure 
drop during the fuel lead was 617 N/cm@ (900 psi) compared to 754 N/cm2 
(1100 psi) predicted. During the engine shutdown operation and the 1-second 
cutoff LOX dome purge, the pressure drop was 68.6 N/cmé (100 psi) as 9 
predicted. The control bottle pressure at second burn ECO was 568.8 N/cm 
(825 psia) and was within the predicted band of 206 to 617 N/cm2 (300 to 
900 psia). The minimum control bottle pressure requirement at this time 
was 206 N/cmé (300 psia). 


The start tank performed satisfactorily during the initiation of second 
burn providing the proper energy input to the turbines for a smooth start. 
The lower tank temperature at second burn start command contributed to the 
second burn start transient being faster than the first burn transient as 
expected. 


The second burn engine start transient was satisfactory. The PU system 
provided the proper fully open (low EMR) PU valve position during the 
restart transient until system activation. There was no evidence of 
observed propellant capillary action in zero gravity affecting the engine 
PU valve. The transition to active control was smooth and as predicted, 


The thrust buildup was within the limits set by the engine manufacturer. 
The thrust buildup to 90 percent performance (STDV + 2.5 seconds) was 
faster than during the acceptance test as expected. The faster buildup 


was caused by the engine being warmer at ESC due to the absence of convective 


cooling in space. The thrust during second burn buildup transient is shown 
in Figure 7-13. 


7.7 S-IVB MAINSTAGE PERFORMANCE FOR SECOND BURN 


The overall engine performance level was satisfactory. J-2 engine Steady- 


state second burn performance is presented in Figure 7-14. A major deviation 


in the second burn average performance was due to the PU system commanded 


Table 7-4. S-IVB Steady State Performance - Second Burn 


FLIGHT % DEVIATION FROM 
PARAMETER * PREDICTED RECONSTRUCTED DEVIATION PREDICTED 


Thrust N »001 ,490 966 ,400 
(] (325, 144) (224 ,001) 






















EMR 








LOX/Fue] 5 00¢ 5.601 









Specific Impulse 
N-s/kg 
(1by-s/Tbm) 









4138.6 
(422.02) 


4152 
(423.4) 










LOX Flowrate 












204.28 
(450.37) 


204.44 







Fuel Fiowrate 
kg/s 
(1bm/s) 










36.47 
80.4) 






*Raduced to standard altitude conditions at 60 second time slice. 
Predicted is based on high step operation. 
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Figure 7-13. S-IVB Buildup Transient - Second Burn 
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Figure 7-14. 
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high mixture ratio excursion during the first 85 seconds. The high mixture 
ratio excursion was mainly due to the combined effects of the first burn 
low engine performance and the higher than predicted fuel loss in orbit. 
This performance deviation contributed to the departure from the predicted 
nominal mixture ratio during the second burn. A velocity commanded engine 
cutoff command was earlier than predicted. 


The PU system commanded the PU valve to fully closed (high EMR) position, 
upon system activation, in order to remove the excess oxidizer mass 

error caused by the off nominal engine performance during first burn, and 
the increased fuel boiloff in orbit. The PU system maintained the engine 
at high thrust until the error was eliminated, and engine performance 
cutback occurred at approximately ESC +85 seconds. 


The level of engine performance during the high thrust period of second 
burn was closer to the predicted high level performance than during the 
first burn. This is demonstrated in Table 7-4 which shows that all 
performance parameters at standard altitude conditions agreed more closely 
with the prediction. 


All average performance values were within | percent of predicted during 

the high mixture ratio portion of the burn. The deviations during the 
Reference Mixture Ratio (RMR) portion were within 3 percent. The overall 
average performance values are compared to the nominal prediction which 
operated at 5.0 RMR throughout the burn. The variations for overall average 
performance were within 3 percent for all parameters. 


A minor perturbation in performance was also induced by the PU valve 
responding to a guidance commanded maneuver at approximately ESC +100 seconds 


A trajectory simulation using a differential correction procedure determines 
adjustments to the reconstructed engine thrust and flowrate to yield a 
simulated trajectory which closely matched the observed mass point trajectory 
The results obtained indicated an increase over reconstructed average flight 
values of 0.67 percent in thrust and 0.488 percent in mass flowrate and 
0.096 percent in specific impulses for second burn as shown in Table 7-5. 

The S-IVB second burn time was 15.18 seconds shorter than predicted. This 
shorter burn time was accounted for as follows: 


Burn Time 
Contributor Delta (sec) 

High Stop “17.0 

EMR Operation 

Low RMR Thrust + 1.0 

Following Cutback 

Unexplained + 0,8 

Total “15.2 


1-22 


“UANg Puodes ZNOYBnowYy, YW] LPULWOU e “OS SEM paIdIpaug y 








(8€° 924) (62° 2p) (02° 2zr) |(waL/s-qL) Jastndwy otyLoads 
7 31D 1LUaA 
Leutpnz.5u07 














960° 0+ 06% O+ SLE*O+ be°0- 20° 0+ oo Lo 8°SZlP 9° 26LP B°LELy 54 /S-N 















(0S° 8b) (LOb’ L9v) (706" S56 
SOV’ SLZ 882° 602 20622 


(S/wq,) 
S/5x 


a1ey $so7 
SSW aLoLuay 











88h" 0+ 92E* O+ LOE“ Q+ ol SL+ 











(00€ $02) (L8E°Z6L) (060‘ 922) 
OZ2°€16 7665228 869°S00‘L 


Jsnuy] aLILya, 
LeuLpnzlbu07 





0L9°O+ L08°Q+ L£L9°Q+ 





Sy era G 
























JOVUFAY JOVUSAY JOVYSAY 
4HOI 14 OLLVy Oliva HOT 14 OILVy O1LWa LHOI V3 Orlvy OQILVa 
Nang JUNLXIW SUN LXIW Nang SaNLXIW JUNLXIW NUAg SUNLX IW JaNLXIW 
GNODAS JINIYIIAY HOIH GNOISS JSONFYS3434 HOTH GNOQQAS SINSUIITY HOTH SLINA SUALAWVayd 












G3LINULSNOIAY WOXS “Q4ud WOYS “Ad % NOILWIAWIS LHOIT 

















(09° Szv) (pZ° SZ) (28° 02b) (20° £2b) (2b° 20) (2°22) |(wat/s-*91) 


@S_Nduy ItyLoads 
SLILUSA 


{eutpny Lbu07 















ou 0- 6€°0- Sa lg é Lélt S°eLkp 8 belP 


(9L°62t) (06° 6S¢) (06° €€S) 
pe LhzZ L9° 802 LL’ 22 


S*L6LD S°L6LY S'L6LY B4/S-N 


(€2° 69) (€2°69¢) (€2°697) 
73° 212 p3°Zkz p3°Zl2 











(S/wq[) 
s/By 


31284 Sssoj 


LL° e+ 66; 1 SL°El+ SSOW a{ILUdA 












(0€6* £02) (008°S6L)  (00Z'pzz) 


(2SS°00z) (265° 002) (2955002) 
9Z 1‘ L06 L96°0Z8 SLS‘ 666 


271° 268 221268 221° 268 


FSN4YL BLILYSA 
[PULpN} Lbu07 





89° i+ LE*2? vO°?l+ 
JOVESAY 





























JOVUSAY JOVYSAY 
HOT 4 OLLVY OILVu HOTS Oliva OILVY LHI 74 OILVY OILVY 
Nand JUNLXIW JYNLXIW Nang “JUALXIW JUNLXIW Nang JYALXIW JUALX IW 
GNOO3S JINAYAA AY HTH QNOO3S 39N3Y353u HOTH ONOD4S JONAYIIIY HOTH SLINN SUFLIWVeYd 












“AAG % NOTLONYLSNOD3Y LHOI14 


"Gad WOYS x04aL9103¥d 


UANG PUOD9S - be UOLJONUSUODaY aHeIS GAI-S Jo UOSLUPdWOD —*G-/7 a] qe] 





7-23 








7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 


The S-IVB Engine Cutoff (ECO) was initiated by guidance cutoff which was 
15.18 seconds shorter than predicted for second burn. The second burn engine 
cutoff transient was satisfactory and agreed closely with the acceptance 

test and predictions. The thrust decreased to 5 percent of the rated thrust 
which was 50,042 Newtons (11,250 Ibe). This occurred 437 milliseconds after 
engine cutoff was received at the engine, while zero thrust occurred 2.31 
seconds after engine cutoff. The total cutoff impulse to 5 and zero percent 
rated thrust was 190,072 N-s (42,730 Ib-s) and 216,980 Nes (48,779 Ib-s), 
respectively. These were less than the corresponding first burn values 

since second burn cutoff occurred with the PU valve below the null position 
(-2.5 degrees) as compared to the first burn cutoff occurring at high EMR. 
The MOV actuation temperature was 166° K (160.7° F) at cutoff. When the 
cutoff impulse was referred to standard conditions (null PU valve position 
and 255.5° K (460° F) MOV actuator temperature), it was in good agreement 
with the first burn cutoff impulse at standard conditions and with the log 
book value. The thrust during cutoff is shown in Figure 7-15. The second 
burn cutoff impulse to zero percent thrust resulted in a velocity increase of 
3.41 m/s (11.2 ft/s) which correlates satisfactorily with predictions shown 
in Table 7-6. 


7.9 S-IVB STAGE PROPELLANT UTILIZATION 


The propellant utilization system successfully accomplished the requirements 
associated with propellant loading and management during burn. The best 
estimate propellant mass values at liftoff were 88,141 kilograms (194,318 1bm) 
LOX and 18,656 kilograms (41,130 Ibm) LH2 as compared to predicted mass 

values of 87,667 kilograms (193,273 Ibm) LOX and 18,698 kilograms (41,222 1bm) 
LHo. These values were well within required loading accuracies. The best 
estimate S-IVB stage and payload liftoff mass was 160,122 kilograms 

(353,011 1bm). 


A comparison of propellant mass values at critical flight events as 
determined by various analyses is presented in Table /-/. In addition to the 
data listed, simulation-trajectory match results were included in the best 
estimate value. The best estimate full load propellant masses were 0.54 
percent higher for LOX and 0.22 percent lower for LHa than the predicted 
values, as shown in Table 3-3 of Launch Operations, Section 3<.- Tnts 
deviation was well within the required loading accuracy. 


Bast estimate mass values at first burn ECO and second burn ECS, shown in 
Table 7-7, were the statistical results of the methods listed, but their 
difference does not represent the most accurate measure of actual orbital 
boiloff. The values for orbital boiloff, as determined by independent 
methods, were 66 kilograms (146 Ibm) LOX and 1300 kilograms (2865 1bm) LH2. 
Figure 7-16 presents the S-IVB best estimate ignition and cutoff masses 

for first and second burns. This figure includes simulation-trajectory 
data and values in addition to the other measurement systems listed in 
Table 7-7. 


Table 7-6. S-IVB Cutoff Impulse - Second Burn 


| | % DEVIATION | 
FLIGHT FROM PREDICTED 
PARAMETER PREDICTED 


| ENGINE GUID. DATA _| GUID. | ENGINE GUID. DATA _| | ENGINE GUID. DATA | GUID. | ENGINE GUID. DATA | 
Cutoff Nes 185,126 | 216,980 210,480 ; 
Impulse (1be-s) (41,618) (48.779) (47.318) 


a Velocity m/s 3.08 3.5 3,4] 
ee eee Increase (ft/s) | (10.1) (11.5) (11.2) 
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Figure 7-15. S-IVB Shutdown Transient - Second Burn 
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Figure 7-16. S-IVB Ignition and Cutoff Best Estimate Masses 
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Table 7-7. S-IVB Stage Propellant Mass History 


PREDICTED P.U. INDICATED |P.U. VOLUMETRIC | LEVEL SENSOR BEST ESTIMATE FLOW INTEGRAL 
(CORRECTED) (EXTRAPOLATED) 
LOX LH2 LOX LH2 LOX LH2 LOX LH2 LOX LH2 


87,666 18,697.9 | 87,678 18,672 -88,141 18,656 
193,273: 741,222 193,299 41,164 194,318 41,130 


87,683 18,646 88,141 18,656 
193,380 41,107 194,318 41,130 


99,508 13,433 
131,193 29,614 































S-IC L/O kg 
(Tbm) 


88,127 18,619 
194,289 41,049 


88,399 18,770 
194,887 41,381 


88,399 18,770 
194,887 41,381 





87,976 18,660 
193,954 41,139 
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60,226 13,716.1 
132,777 30,239 





59,738 13,407 
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2ND ESC kg 
(1bm) 


60,044 12,477.4 
132,376 27,508 


-§9,459 12,121 
131,085 26,723 


99,689 12,079 
131,592 26,631 


59,561 12,010 
131,310 26,479 


99,607 12,070 
131,411 26,611 


59,539 §=12,079 
131,262 26,629 
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BACK (Ibm) 108,013 22,266 


108,103 22,187 108,128 22,357 
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Extrapolation of propellant-level sensor data to depletion, using the pro- 
pellant flowrates to depletion, indicated that a LOX depletion would have 
occurred approximately 38 seconds after second burn velocity cutoff with a 
usable LH2 residual of 40 kilograms (89 Ibm). This yielded a PU efficiency 
Of 99.96 percent. 


The first and second burn PU valve positions are illustrated in Figure 7-17. 
During first burn the PU valve was positioned at null for start and remained 
there until PU activate at first burn ESC + 8 seconds. The PU valve was 
then commanded to the fully closed (high EMR) position at activation and it 
remained there throughout first burn. 


For second burn, the PU valve was successfully commanded to the fully 
opened (low EMR) position at second burn ESC -20 seconds to satisfy engine 
restart requirements. The PU valve remained there until second burn ESC 
+13 seconds when the Fully opened (low EMR) position command was removed. 
At this time system dispersions caused the PU valve to travel to the fully 
closed (high EMR) position. 


The PU valve reached the fully closed (high EMR) position at second burn 
ESC +25 seconds and remained there until FSC +63.5 seconds. The system 
dispersions, that caused the PU valve fully closed (high EMR) position 
operation during second burn, are nearly equally divided between propellant 
boiloff during orbit and the combination of PU system calibration and first 
burn engine performance deviation. 


The engine performance deviation was caused primarily by a low LOX flowrate 
during first burn. The calibration deviation resulted from a combination of 
a LOX overload and an LHe underload. Variations in PU system nonlinearities 
also added to the LOX rich conditions. The actual LOX mass, which boiled 
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Figure 7-17. S-IVB PU Valve Positions 
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off during coast, and the LOX consumed during the first burn cutoff 
transient were less than predicted and added to the LOX rich condition. 


The PU system tank-to-sensor mismatch nonlinearities are presented in 
Figure 7-18. The combination of sensor capillary action at the start of 
second burn and two slosh waves, caused by vehicle attitude transients 
during burn, caused large variations in the indicated mass data used to 
determine these nonlinearities. The actual PU system tank-to-sensor non- 
linearities, with the sloshing and capillary effects removed, compared 
favorably with the predicted values adjusted for actual flight dynamics 
effects. Inflight LH2 tank geometry variations deviated from the predicte 
during first burn. The mismatch error at PU cutback was zero for LOX and 
-30 kilograms (-66 Ibm) LH2. 


Figure 7-19 shows how capillary action in the sensors affected the fine ar 
coarse mass readinas, and for comparison the engine flowmeter mass data ~ 
also shown. Due to the fully open (low EMR) valve command and associated 
grounding of the forward shaping network filters for the first 33 seconds 
of PU system activation, the effect of the capillary action on the valve 
itself was negligible. 
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Figure 7-19. S-IVB PU Indicated Mass - Second Burn 
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Vehicle attitude transients resulted in two large low-frequency propellant 
slosh waves. The first slosh wave appeared between second burn ESC +100 
seconds and ESC +120 seconds. This slosh wave was set off by a vehicle 
attitude transient following artificial tau mode. The PU valve was raised 
approximately 1 degree by this disturbance and resulted in a corresponding 
shift in engine performance parameters. The second lowfrequency slosh 
wave occurred approximately 5 seconds before second burn ECO. This wave 
was also caused by a vehicle attitude transient and occurred at the same 
time the chi freeze guidance mode was applied. This disturbance resulted 
in a 1 degree valve tailoff.and corresponding thrust variation. 


The redesigned forward shaping network (slosh filter) successfully attenuated 
the effects of propellant sloshing on the PU valve. Propellant sloshing 
within a 0.2 to 0.6 hertz range was present in the mass signals and the PU 
summing point error signal. However, the added filter attenuated the slosh 
effects on the signal fed to the PU valve servo. 


The actual first burn EMR was lower than predicted LOX flowrates, while the 
second burn EMR variations follow the PU valve history. The thrust level 
change from EMR cutback to the EMR position was 989,314 Newtons (224,430 1b¢) 
to 870,961 Newtons (195,800 Ibe). This resulted in a thrust level change of 
118,353 Newtons (28,630 Ibe). 


7.10 S-IVB PRESSURIZATION SYSTEM 
7.10.1 S-=IVB LH. Tank Pressurization 


The LH2 pressurization system operationally met all engine performance 
requirements. However, the LH2 pressurization system indicated possible 
deviations from the predicted during S-IVB first burn, coast phase, and 
second burn operations. The pressure measurement deviations, within the 
continuous vent system and LH2 pressurization system, during orbital coast 
resulted in ground command activities necessitated by the mission rules. 
The sequence of events and associated system performances are discussed in 
the following paragraphs. 


The LH2 tank prepressurization command was received at -96.5 seconds. The 
LHa tank pressurized signal was received 21.5 seconds later when the LH? 
tank ullage pressure reached 23.3 N/cm@ (33.8 psia). The ullage pressure 
continued to increase, reaching 24.8 N/cm@ (35.9 psia) at S-IVB first burn 
ESC as shown in Figure 7-20. 


At S-IVB first burn ESC the LH9 tank ullage pressure was 24.8 N/omé 

(35.9 psia). Between S-IVB first burn ESC (520.72 seconds) and approximately 
925.5 seconds, the under-control orifice and the first and second burn over- 
control valves were open. Pressurization flow was limited to the under- 
control orifice not requiring first burn over-control valve operation until 
first burn ECO at 665.64 seconds. The ullage pressure followed a normal 
decay, reaching 20.0 N/cm* (29.0 psia) at first burn ECO. The actual 
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Figure 7-20. S-IVB LH2 Ullage Pressure 
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pressure profile, while somewhat lower than predicted as shown in Figure 7-20, 
was satisfactory. LH2 tank venting did not occur during S-IVB first burn. 

The GH2 pressurization flowrate was approximately 0.345 kg/s (0.50 Ibm/s), 
providing a total flow of 48.3 kilograms (70.1 Ibm) during S-IVB first burn. 


Following orbit insertion, the continuous vent line pressures of the LH2 
tank were reading approximately zero. These two line pressures are the cues 
on which conclusions to the open/closed condition of the continuous vent 
valve are made by ground control. About 1 minute after insertion, the 
continuous vent system was activated and displayed the expected reading on 
both line pressures. The system behavior as displayed on the ground was 
entirely normal. 


During the orbital coast, with decreasing tank pressure, the line pressures 
steadily decayed to 13.4 N/cmé (19.5 psi) and started regular oscillations | 
which are attributed to regulator operation. The two line pressures exhibited 
very similar values until the first pass over Carnarvon and at this time a 
pressure differential of 2.1 N/cm@ (3 psi) was observed and remained for the 
rest of the orbital flight and the restart sequence. 


Near the completion of the second revolution, Time Base 6 (Tg) was initiated 
by onboard sequence while the space vehicle was in Sight of the Guaymas 
Station. As shown in Figure 7-21, the increase in vent line temperatures 
indicates a closure of the continuous vent which was scheduled to occur at 
Té +1.2 seconds. The two vent line pressures, still differing by approxi- 
mately 2.1 N/cmé (3 psi) stopped their oscillations and then began a gradual 
decrease from their former peak values. This behavior was drastically dif- 
ferent from the expected immediate pressure drop to zero. At the same time, 
the repressurization of the LH» tank commenced, accompanied by a corresponding 
decrease of the ambient helium supply pressure as shown in Figure 7-21. The 
rate of repressurization of the LHo tank was somewhat slower than anticipated 
on the basis of flight predictions. Ground control concluded that this was 
an additional indication of at least a partially open condition of the vent 
valve and took appropriate action as required by the mission rules. 


Appropriate action by ground command to the switch selector consisted of 
four steps, three of which were made at the same time (Reference Table 2-4). 
First, the repressurization valve was closed, stopping the ambient helium 
flow into the tank. This provision was made to prevent the loss of repres- 
Surization gas through the open vent valve. The second command step 
attempted to close the solenoid valve electrically and at the same time 
applied pneumatic pressure to the pneumatic valve of the continuous vent 
valve assembly. The third step consisted of removing the pneumatic 
pressure from the valve assembly. This sequence was to be followed by 

an opening command to the repressurization valve at Tg +256 seconds to 

make optimum use of the entire helium available even if the continuous 

vent failed completely open. The step of commanding open the repressuriza- 
tion valve was omitted due to additional attempts to close the valve and 
command handover from Texas to Cape Kennedy. 


[-33 


HELIUM REPRESS BOTTLE 


LH2 ULLAGE PRESSURE, 


CVS TEMPERATURE, °K 


CVS PRESSURE, N/cm2 


N/cme 


PRESSURE, N/cmé 








POSITION II VENT 























COMMANDED 
REPRESS OFF 
i] 
Sp ‘ Ae 
03 HRS O03 HRS O03 HRS 03 HRS O03 HRS 
05 MIN O6 MIN 08 MIN 11 MIN 11 MIN 
00 SEC 40 SEC 20.6 40 SEC 40 SEC 


RANGE TIME, HOURS:MINUTES:SECONDS 


Figure /-21. S-IVB CVS Performance - Orbital Coast 
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During this repressurization period the LHo tank was pressurized from 

13.6 N/cmé (19.7 psia) to 22.0 N/cm@ (32.0 psia). The ullage pressure 

Subsequently decayed, reaching 19.2 N/cmé@ (27.8 psia) at second burn ESC 

ees as Shown in Figure 7-22. Approximately 20.4 kilograms (45 Ibm) of ambient 

oe ae helium were used in the repressurization operation, with approximately 

Bo ans 6.4 kilograms (14 1bm) remaining in the bottles. The residual helium 
would have provided approximately 10.3 N/cmé (1.5 psi) additional ullage 
pressure. The ullage pressure of 19.2 N/cmé@ (27.8 psia) at second burn 
ESC is lower than the minimum predicted level of 21.4 N/cm2 (31 psia). 


i a The unexpected decay of LH2 ullage pressure, after termination of repres- 
a Surization, was probably caused by a malfunction of the diffuser or bubble 
ae formation. The corrective action presently under consideration is: 


a. Implement diffuser ground test program. 


b. Change flight sequence to optimize the repressurization cycle. 


EAS Ss c. Reorificing the repressurization control module. 
some other possible affects on the low LHe ullage pressure were: 
a. Premature termination of. the ambient repressurization operation. 


b. A cooler than expected blowdown of the repressurization bottles 
(lower environmental heating of the pressurant gas resulted in 
a lower energy input into the ullage). 


c. A condensation of GH? bubbles into the liquid bulk (condensation 
of bubbles resulted in an expansion of the remaining ullage volume 
and a corresponding ullage pressure drop). 


d. An energy loss from the ullage gas was caused by a propellant 
wave induced by a significant attitude change maneuver at the 
start of repressurization. 


Between S-IVB second burn ESC and ESC +10.6 seconds, the under control 
orifice, the first and second burn. over-control valves were open. The 
first burn over-control valve closed for second burn, while the under 
control orifice and the second burn over-control valve remained open 
throughout second burn. Fuel tank ullage pressure and pressure rise 
rates during S-IVB second burn were lower than anticipated as shown in 
Figure 7-22. pees predictions indicated cyclic operation within 
the 21.4 - 23.4 N/cmé (31-34 psia) control band. The maximum pressure 
obtained, which occurred at second burn ECO, was 22.0 N/cm2 (31.9 psia). 


LH2 tank venting did not occur during S-IVB second burn. The GH2 pressuri- 
zation flowrate ranged from 0.48 to 0.52 kg/s (0.70 to 0.75 Ibm/s), providing 
a total flow of 142 kilograms (206 1bm) during S-IVB second burn. 


7<35 





LH ULLAGE PRESSURE, N/cm® 


5 ARS 3 HRS ase TRS : HRS 
3 MIN o MIN 8 MIN 10 MIN 
20 SEC 90 SEC 20 SEC 50 SEC 


ae PREDICTED 
i: nak: 


2nd ESC 
3: uy ou 54 





LH> ULLAGE PRESSURE, N/cm2 


| | 
10 MIN : ni 14 MIN 15 MIN 17 MIN 19 MIN 
50 SEC 30 SEC 10 SEC BO SEC 30 SEC 10° SEC 


30 


25 


LH2 ULLAGE PRESSURE. N/cmé 

















3 HRS 3 HRS 4 HRS 6 ARS 5 HRS 6 HRS 6 HRS 7 HRS 
20 MIN 53 MIN 26 MIN O MIN 33 MIN G6 MIN 40 MIN 13 MIN 
0 SEC 20 SEC 40 SEC 0 SEC: -20-SEG. -A0°SEC O-SEC -20°.SEC 


RANGE TIME, HOURS: MINUTES: SECONDS 


Figure 7-22. S-IVB LH? Ullage Pressure - Second Burn 
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In summary it is concluded that the continuous vent system operation was 


nominal. The vent line pressures which were nominal following CVS initiation 
at liftoff +751 seconds began to diverge prior to liftoff +1000 seconds. The 


deviation was probably transducer bias and/or inaccuracies resulting from 
environmental effects and had increased to 1.7 - 2.1 N/cm@ (2.5 - 3.0 psi) 
by 00:52:04. Thermodynamic analysis has shown that the transducers at their 
mounting location were exposed to extreme low temperature environment and | 
that output shifts of up to 12 percent may be experienced at these low 
temperatures. The oscillation of the CVS temperature and pressure prior 

to restart preparation initiation (03:05:59.55) indicated that the system 
functioned properly. 


In order to prevent a reoccurrence of similar events, mission rule 5-38 is 
being reassessed. Recommendations presently being considered are change 
and/or addition of primary cues, procedural safeguards against omission of 
Subsequent command steps, and remote location of transducers. 


The LH2 pump inlet NPSP was calculated from the pump interface temperature 
and total pressure. These values indicated that the NPSP at S-IVB FIeSt 
burn ESC was 9.5 N/cmé (13.8 psi). The NPSP then decreased during powered 
flight to a minimum value of 6.2] N/cm2 (9 psi) at first burn ECO. At the 
minimum point the NPSP was 1.8 N/cmé (2.6 psi) above the required. Through- 
out the burn, the NPSP closely followed the predicted. 


The NPSP at the end of fuel lead prior to second burn was approximately the 
Same as the required level. The NPSP increased rapidly after ESC such that 
it was above the required level during the engine burn. At second burn ECO 
the NPSP was 6.0 N/cm2 (8.75 psi) which was 1.97 N/com2 (2.85 psi) above the 
required. The pump interface total pressure at the end of fuel lead was 
18.5 N/cmé@ (26.8 psi). The pressure continued to increase during the second 
burn reaching a pressure of 21.3 N/cm@ (30.9 psi) at ECO. The difference 
between the data and the predicted was due to a lower than expected LH» tank 
ullage pressure. 


Figures 7-23 and 7-24 summarize the fuel pump inlet conditions for first 
and second burns, respectively. 


7.10.2 S-IVB LOX Pressurization System 


The oxidizer system performed adequately, supplying LOX to the engine pump 
inlet within the specified operating limits throughout both firings. The 
available NPSP at the LOX pump inlet exceeded the engine manufacturer's 
minimum at all times. 


LOX tank prepressurization was initiated at -167 seconds and increased the 
LOX tank ullage pressure from ambient to 27.92 N/cm2 (40.5 psia) within 
15 seconds as shown in Figure 7-25. Two makeup cycles were required to 


maintain the LOX tank ullage pressure before the ullage temperature stabilized. 


The pressurization control pressure switch controlled the pressure between 
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Figure 7-24, S-IVB Fuel Pump Inlet Conditions - Second Burn 
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26.89 N/cm® (39 psia) and 27.92 N/em* (40.5 psia). At -97 seconds the LOX 
tank ullage pressure increased from 27.58 N/cm2 (40 psia) to 29.37 N/cme 
(42.6 psia) due to fuel tank prepressurization, LOX tank vent valve purge 
and LOX pressure sense line purge. The LOX tank ullage pressure decreased 
to 27.58 N/cmé (40 psia) during S-IC boost and maintained that pressure 
during S-II boost. | | 


The LOX tank ullage pressure was 27.58 N/omé (40 psia) at ESC, satisfying 

the engine start requirements which is also shown in Figure 7-25. During 9 
the start transient the ullage pressure decreased to a minimum of 24.68 N/cm 
(35.8 psia) before the pressurant flowrate became large enough to increase 
the ullage pressure. During burn the ullage pressure cycled three more times 
than predicted. The greater than predicted number of cycles was due to an 
ullage pressure drop, 0.689 N/cmé (1 psia) less than predicted during the 
Start transient, and a smaller control band than used for the predictions. 
The ullage pressure was sufficient to meet the minimum NPSP requirement 
during powered flight. 


The slight ullage pressure rise during the first few seconds after ESC is 
due to the pressurization system being activated at ESC, allowing gas to 
flow during this period. 


The LOX tank pressurization flowrate variation was 0.102 to 0.191 kg/s 
(0.225 to: 0.47 Ibm/s) during Over-control, and from 0.0748 to 0.136 kg/s 
(0.165 to 0.3 Ibm/s) during under-control system operation. This variation 
is normal because the bypass orifice inlet temperature changes as it follows 
the cold helium sphere temperature. The helium used during S-IVB powered 
Flight was 21.32 kilograms (47 1bm) (based upon flow integration) compared 
to 150.6 kilograms (332 Ibm) loaded. 


The J-2 heat exchanger outlet temperature increased to 514° K (465.3° F) 

by the end of the 50-second start transient period. Throughout the remainder 
of the first burn the temperature increased, reaching a maximum of 556° K 
(540.3° F) 9 seconds prior to first burn cutoff. The helium flowrate 

through the heat exchanger was relatively constant at 0.086 kg/s (0.019 1bm/s) 
during over-control and at 0.0331 kg/s (0.073 Tbm/s) during under-control 
operation. 


The oxidizer tank ullage pressure between first burn cutoff and ESC is shown 
by comparing Figures 7-25 and 7-26. The ullage pressure decreased from the 
first burn cutoff pressure of 27.58 N/cm2 (40.0 psia) to a minimum of 

26.95 N/cmé (39.1 psia) at 01:43:20, then increased to 27.58 N/cmé 

(40.0 psia) at 03:06:16 where the LOX tank ullage pressure started to 
increase. The increase of the ullage pressure after this time was believed 
to be due to bubbles of gaseous oxygen rising from the bottom of the tank 
to the ullage, causing approximately a 2.8° K (5° F) temperature increase 
of the pressurants. Because of this pressure increase, the ullage pressure 
at repressurization initiation was above the minimum required. The spheres 
were not required for repressurization. The LOX tank ullage pressure at 
second burn ESC was 29.37 N/cm@ (42.6 psia). 


7-4] 


eisd *4unssaud J9VITN ersd “qunssaud J9VTIN eisd ©4unssadd FoV1IN 


7-42 


* and 
OS ad 
oo 
oe 
wo © 
© 

ee OS 
+ © 
oa 


IVB LOX Tank Ullage - Second Burn 


RANGE TIME, HOURS :MINUTES:SECONDS 


WY 
= 
©: ; 
\O 
us < 
= s " 
food iw mM 
* CS e 
ast 
oO oH eyes v 
ie = 
oO -- ‘— 
<M Lo 
AIC 





20] 


2wo/N °3YuNSSadd J9VTIN guo/N “JYASSIYd JOVTIN gwo/N ‘3UNSS3¥d JOVTIN 


During orbital coast the LOX tank ullage pressure did not collapse as 
expected. The relative stability of the -LOX tank ullage pressure is due 

to heating of the LOX residuals and formation of a gas pocket in the aft 

i ee end of the tank. The gas pocket formation is supported by the gas and 

oe ee liquid temperature measurements reading above normal ‘liquid bulk temperatures. 
gra, 2 As the gas pocket grew during orbital coast, the liquid was pushed into the 
ullage space thereby keeping the pressure relatively Stable. The liquid 
agitation during ullaging caused the bubble formation to rise through the 
liquid to the tank ullage, thereby increasing the ullage pressure due to 

the mixing of relatively warm bubbles with the cold ullage. 


At second burn ESC the LOX tank ullage pressure shown in Figure 7-26 was 
29.37 N/cmé (42.6 psia) satisfying the engine start requirements. The 
ullage pressure cycled three times during the burn, one cycle less than 
the predicted. The fewer than predicted number of cycles was due to a 
narrower than predicted control band and a lower than predicted decrease 
during burn. During the burn, the ullage pressure was sufficient to meet 
the minimum NPSP requirements during powered flight. 


The pressurant flowrate variation was from 0.125 to 0.15 kg/s (0.275 to 
0.33 Tbm/s) during under-control and from 0.181 to 0.209 kg/s (04 766 

0.46 Ibm/s) during over-control system operation. The helium usage during 
the second S-IVB powered flight was 43.09 kilograms (95 Tbm). 


The J-2 heat exchanger outlet temperature increased to 533° K (500.3° F) 

at the end of the 50-second start transient period. The temperature 

reached a maximum of 561° K (550.3° F) at 100 seconds after ESC. The 
temperature then cycled from 528° K (490° F) on over-control] to 544° K 
(520.3° F) on under-control. The helium flowrate through the heat exchanger 
varied from 0.095 to 0.082 kg/s (0.21 to 0.18 1bm/s) during over-contro] 

and from 0.039 to 0.033 kg/s (0.085 to 0.073 Ibm/s) during under-control 
Operation. 


The cold helium supply was more than adequate to meet flight requirements. 
At first burn ESC, the cold helium phere. contained 151 kilograms (332 1bm) 
of helium at a pressure of 2006 N/cmé (2910 psia). During the 144.9 seconds 
of first burn engine operation, the helium mass in the Spheres decreased 

17 kilograms (38 Ibm), leaving a pressure of 1082 N/cm2 (1570 psia) at first 


burn ECO. 


During orbital coast between first burn ECO and second burn ESC, the helium 
mass in the spheres apparently decreased 19 kilograms (42 Ibm) as indicated 
by the pressure trace shown in Figure 7-27. This would Indicate a leakage 
of 0.00171 kg/s (0.00377 Ibm/s). However, Supporting analyses indicate that 
the leakage did not occur and that the pressure reading is in error. 


At second burn ESC, the cold helium sphere pressure was 986 N/cmé (1430 psia). 
During the second burn period of 299.7 Seconds, the mass in the helium 

spheres decreased by 28 kilograms (62 1bm) leaving 86 kilograms .(190 1bm) 

at 552 N/cmé (800 psia) at second burn ECO. 
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Figure 7-2/7. S-IVB Cold Helium Sphere Condition - Coast Phase 


All values quoted were obtained through absolute mass calculations based 
upon bottle temperatures and pressures at the indicated times. These 
absolute mass calculations disagree with the values obtained through flow 
integration. Evaluation is continuing to resolve the discrepancy. 


The NPSP calculated at the interface was 16.3 N/om® (23.6 psi) at S-IVB 
first burn ESC. The NPSP decreased after start and reached a minimum value 
of 15.4 N/cmé (22.3 psi) at 25 seconds. This was 1.15 N/cm¢ (1.7 psi) above 
the required NPSP at that time. The NPSP then increased and followed the 
predicted closely throughout S-IVB powered flight. 


The NPSP calculated at the engine interface was 17.24 N/cm® (25.0 psia) at 

S-IVB second burn ESC. At the end of fuel lead the NPSP increased rapidly 

to 19.3 N/cm2 (28.0 psi) then decreased to 16.68 N/cm¢ (24.2 psi), cycling 

from this value to 17.75 N/cmé (25.75 psi). The NPSP was close to the 

predicted but somewhat higher at second burn ESC and at ECO. The differences 

are due to a higher than expected ullage pressure at second burn ESC and a 
ee A 2" lower than expected inlet temperature at cutoff. At all times during second 
Te oe a burn the NPSP was above the required. | 


The LOX pump static interface pressure during first burn followed the cyclic 
trends of the LOX tank ullage pressure. Values ranged from 25.9 N/cm2 

(37.6 psi) at 25 seconds to 30.8 N/cmé (44.7 psi) immediately after first 
burn ESC. During the remaining portion of the engine operation the pressure 
and the LOX pump interface temperature closely followed the predicted. 
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The LOX pump static interface pressure during second burn also followed 

the cyclic trends of the LOX tank ullage pressure. Values ranged from 

32.0 N/cmé (46.4 psia) at the end of fuel lead to 29.5 N/cm2 (42.8 psia) 

at second burn ECO. During powered flight the pressure followed closely 

to the predicted. The LOX pump interface temperature also closely followed 
the predicted. 


Figures 7-28 and 7-29 summarize the LOX pump inlet conditions for first and 
second burns, respectively. 


After S-IVB second burn ECO the ullage pressure remained momentarily at 

27 N/cmé (39.2 psia) until the programed LOX vent occurred at 11,786. 952 
seconds. The pressure then decreased rapidly to 20.1 N/cm@ (29.2 psia) 
within 10 seconds. At 03:16:36.766, the LOX vent valve was closed. 

By 03:20:00 the pressure had increased to 22.75 N/cmé (33 psia) due 

to vaporization of the residual LOX and heating of tank pressurants. At 
19,100 seconds the ullage pressure had increased to 29.23 N/cm2 (42.4 psia) 
when the sensed pressure began oscillating. The oscillations had an 
amplitude of 3.44 N/cmé (5.0 psi) and a period of approximately 0.5 second. 
Data indicates the oscillation is occurring within the sense line and not 
the tank ullage. Supporting data shows no change in vent valve position 
during this period. Sense line purge is minimal as pneumatic helium was 
essentially depleted by this time. 


7.11 S-IVB PNEUMATIC CONTROL AND PURGE SYSTEM 


The pneumatic control and purge system performed satisfactorily during boost 


and first burn operations. During orbital coast a system leak developed, 
however, the helium supply pressure was sufficient to complete all second 
burn operations. 


system performance was normal during boost and first burn operations. 
However, at approximately 00:58:20 the pneumatic bottle pressure began 
decreasing at the rate of 0.72 N/cm2/min (1.04 psi/min) as indicated in 
Figure 7-30. At approximately 01:48:20, the rate of pressure loss in- 
creased to 12.0 N/cm¢/min (17.4 psi/min). Pneumatic control bottle 
temperature and regulator outlet pressure is shown in Figure 7-31. At 
04:10:00 the bottle pressure had dropped to the pneumatic regulator 
operation band as shown in Figure 7-32. At this point the regulator 
poppet opened fully, and thereafter the regulator discharge pressure 
differed from the pneumatic bottle pressure only by the system pressure 
drop from the bottle through the regulator. Bottle masses at various 
pertinent times are shown in Table 7-8. 


There is some evidence that the leak may be associated with the prevalve 
actuation control module of the prevalves and chilldown pump shutoff 
valves or the failure of a calips pressure switch diaphragm. A pneumatic 
control schematic is shown in Figure 7-33. The corrective actions being 
considered are to cap the calips port on the pressure switch to eliminate 
a possible leak, and a redesign of the actuation control module. 
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S-IVB LOX Pump Inlet Conditions - Second Burn 
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Fiqure 7-31. S-IVB Pneumatic Control Performance 
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S-IVB Pneumatic Control Performance - Second Burn 


Figure 7-32. 
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Table 7-8. S-IVB Helium Bottle Mass 


BOTTLE MASS 
kg bm 
af | 
.70 
. 69 
38 
of 
30 
.29 


ae, 


Liftoff 

First Burn ESC 

First Burn ECO 

3500 seconds 

6500 seconds 

Second Burn ESC (03:11:34.54) 
Second Burn ECO (03:16:26.27) 
17,500 seconds 


3 
3 
S 
3 
3 
2 
2 
0 





/.12 S-IVB AUXILIARY PROPULSION SYSTEM 


The APS pressurization systems demonstrated nominal performance throughout 
the flight and met control system demands as discussed in paragraph 11.1 
and 11.5.4. The regulator outlet pressures were maintained at 135 N/cm2 
(196 psia). The APS pressures in the tanks were approximately 131 N/cm2 
(190 psia) as shown in Figure 7-34. 


The oxidizer and fuel supply systems of the APS engines performed as 
expected during the flight except for the propellant temperatures measured 
at the propellant control modules. These temperatures were higher than 
expected with the oxidizer in the module at position I exceeding the trans- 
ducer limit of 328° K (131.3° F). The supply pressures were nominal at 
approximately 131 N/cmé (190 psia) during the mission. 


With the exceptions noted in the following paragraphs, the APS engine 
performance was as expected with a maximum propellant consumption of 65 
percent as shown in Figure 7-35 and Table 7-9. Even with the anomalies 
noted, performance was sufficient for control throughout the mission. 


During the prelaunch burp firings of the AS-501 APS engines it was noted 
that engine III[y did not exhibit a normal chamber pressure trace. The 
abnormality was attributed to the instrumentation. During the AS-50] 
flight, this abnormality cleared up somewhat. The chamber pressure level 
of engine IIITy remained in the 65-70 N/cmé@ (95-100 psia) range throughout 
the flight. 


Engine [tq exhibited normal chamber pressure during burp Firings, however, 
during the AS-501 flight the first pulses on this engine were approximately 
15 percent below the nominal 69 N/cmé (100 psia). During the latter part 

of the mission, after 05:00:00, the chamber pressure level decreased 
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Figure 7-34, S-IVB APS Pressurization System Performance, Sheet 1 of 2 
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Figure 7-34. S-IVB APS Pressurization System Performance, Sheet 2 of 2 


to 38 N/cm@ (55 psia). A possible cause of this anomaly was a restriction 
of propellant flow to the engine. 


The restriction could be a result of contamination of the injector valves, 
orifices, or tubes by either foreign matter or precipitates from the 
propellants. The restriction could also be caused by vaporization of the 
oxidizer in the injectors or by outgassing of the helium from the propellan 
The propellant temperatures (measured at the propellant control module) are 
shown in Figure 7-36 and it can be seen that during the period of greatest 
degradation, the oxidizer temperature of module at position I exceeded 

328° K (131.3° F). The engine injector temperature was 333° K (140.3° F). 
With a chamber pressure of 38 N/cm2 (55 psia) and the recorded injector 
temperature, it is probable that the oxidizer will vaporize in the injector 
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pe Table 7-9. S-IVB APS Propellant Consumption 


er 





MODULE AT POSITION I MODULE AT POSITION II] 
TIME PERIOD OXIDIZER FUEL OXIDIZER FUEL 





kg (1bm) kg (1bm) kg (1bm) kg (Ibm) 


we te 








Initial Load 82.5 (182) ]) 56.7 (125) 84.8 (187) | 56.7 (125) 


First J~2 Burn 
Roll Control 


re. eo J-2 ECO to End of Fok (17) 
enn a First APS Ullaging 

es Ist and 2nd Earth 6.8 (15) 
Re Revolutions 


Restart Preparations | 25 (56) 


ak 2nd J-2 Burn Roll 3 (7). 
ce wee a Control 
end J-2 ECO to CSM | 2 ~~ «= (5) 
Separation 


CSM Separation to 5.4 (12) (22) 
Loss of Data 


Total Usage 50.8 (112) béve (115) 
Residuals 38% % 38% 


* Usage not large enough to be evaluated by methods available. 


It has been noted, however, that engine I had a higher injector temperature 
and exhibited normal performance. An injector valve failure could cause a 
degradation of chamber pressure. However, to get a degradation as great as 
the one observed, a combination of valves would have to fail. 


Engine Ity also exhibited abnormal chamber pressures. Like engine Iy]7, the 
first pulses on engine Ity were about 15 percent low. This engine did not 
have as great a degradation in the final phases of the mission, but during 
the period around 05:00:00 to 05:33:20, a chamber pressure oscillation was 
noted. The pressure cycled from 38 to 65 N/cm@ (55 to 95 psia) at approxi- 
mately 400 hertz. This frequency was near the longitudinal acoustical 
resonance frequency of the chamber, however, it could be due to an instru- 
mentation problem. 


The ullage engine of module at position I had abnormally long "tail-off" 
ee after each of its burns. This anomaly is under investigation and could be 
ae related to the problems of engines Izy and 111. 
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Figure 7-35. S-IVB APS Propellant Consumption 
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Figure 7-36. S-IVB APS Propellant Conditions 
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SECTION 8 
HYDRAULIC SECTION 


8.1 SUMMARY 

oe The S-IC, S-IIT, and S-IVB hydraulic systems performed within predicted limits, 
and the entire system operated satisfactorily throughout the flight. All 
parameters were within redlines by ample margins and there were no anomalies 
apparent during flight. 


i 8.2 S-IC HYDRAULIC SYSTEM 
The S-IC stage incorporated eight qimbal actuators of the Moog model and 
operated with fuel (RP-1) as the hydraulic medium. Analysis indicates that 
all actuators performed satisfactorily as commanded during the Flight, as 
shown in Figure 8-1. The maximum actuator deflection was equivalent to 
0.7 degrees engine gimbal angte at the initiation of the vehicle roll program. 
The average hydraulic supply pressure was 1340 N/cmé (1944 psia), and operated 
Tn a small band within the operating limits. The temperature as depicted by 
the return actuator fluid was 304°K (87.8°F) and operated within a narrow 
band. The maximum hydraulic engine valve opening pressure of 1400 N/cm2 
(2031 psia) was in close agreement with the maximum supply pressure of 
1380 N/cmé (2002 psia) to the actuators. 


8.3  S-II HYDRAULIC SYSTEM 


The four separate hydraulic systems on the S-II stage (one system per out- 
board engine) performed within normal limits with events occurring close to 
the predicted times. The minimum reservoir volume was 13 percent of full 
versus the redline of 3.0 percent and was within the nominal predicted bands. 
The hydraulic fluid minimum pressures and maximum temperatures were 

2400 N/cmé (3480 psia) and 325 °K (125°F), respectively, which were wel] 
within the predicted limits as shown in Figure 8-2. The actuator forces were 
well below the predicted maximum of 84,500 Newtons (19,000 1b). The maximum 
tensile force was 46,200 Newtons (10,400 1b) which was exerted by the pitch 
actuator of engine number 4. The maximum force jn compression was 23,100 
Newtons (5200 1b) which was exerted by the pitch actuator of engine number 1. 
All S-II hydraulic system events occurred close to the predicted times. 
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Figure 8-2. S-II Hydraulic System Performance 
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8.4 S-IVB HYDRAULIC SYSTEM (FIRST BURN) 


The S-IVB hydraulic system performed within the predicted limits after lift 
off with no overboard venting. However, overboard dumping did occur during 
prelaunch overall test operations which resulted in leaving the system at 
the lower reservoir limit of 85 percent at a temperature of 294°K (69.53°F) 
The hydraulic fluid was near 361°K (190.1°F) with the accumulator gas tempe 
ature reaching 270°K (26.3°F) which reduced the GNo precharge pressure. 
These conditions resulted in an oi] level of 22 percent when the system was 
activated; however, the accumulator piston was not bottomed. Table 8-1 shc 
minor pressure level variations and compares the liftoff, first burn, parki 
orbit, and second burn system pressures. 


During boost all system fluid temperatures rose steadily as the auxiliary 
pump was operating and convection cooling was decreasing as shown in Figure 
8-3. Accumulator gas and actuator cylinder temperatures remained low since 
they are located on the extreme ends of the system. The main pump output 
pressure setting was higher than the auxiliary pump by 10.3 N/cem@ (15 psi) 
to 24.1 N/cm@ (35 psi). The main pump flange temperature rose sharply duri 
first burn because of heat transfer from the enaine. Reservoir o71 level 
rose to 25 percent at the end of first burn due to the increased 011 temper 
ature. After engine cutoff, an increase to the 90 percent level occurred 
after the auxiliary _pump “off" command. The supply pressure during both 


burns was 2413 N/cm@ (3500 psia) to 2517 N/cm@ (3650 psia) as compared to 


the allowable of 2344 N/cm2 (3400 psia) to 2517 N/cm¢ (3650 psia). The 
maximum actuator torque resulting from the vehicle attitude command during 
first burn was in yaw at 7586 N-m (67,146 in-1b) and was well within desigt 
limits for the comnonents. 






Table 8-1. S-IVB Hydraulic System Pressures 
FIRST BURN | PARKING ORBIT | SECOND BURN | ALLOWABLE DURING BUR' 
N/cme N/com2 N/cm2 N/om2 N/cm2 


PRESSURES 
(PSIA) (PSIA) (PSTA) (PSIA (PSTA) 


) 
System Oil 2482 2503 2496 2416 to 2516 
(3599.8) (3630.3) (3620.1) (3504.1 to 3649.1) 
Accumulator GN, 2503 1651 2496 2416 to 2516 
; (3630.3) (2394.6) (3620.1) (3504.1 to 3649.1) 
Reservoir 01] 47 123 94.5 to 137.9 
: ) (178.4) (137.1 to 200.0) 
262 re 
(380.0) ~ 
16 ee 
(2322) = 


LIFTORF 
























Aux. Pump Air Tank 








Aux. Pump Motor Air 


The values have been corrected to the 293 °K ( 67 °F. ) 
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8.5 S-IVB HYDRAULIC SYSTEM (COAST PHASE) 


During orbital coast there were no thermal cycles of the auxiliary hydraulic 
pump. During a period of 50 minutes after engine cutoff, the pump inlet 
temperature increased from 321 to 349 °K (118.1 to 168.5 °F) due to continue 


heat transfer from the LOX turbine dome to the pump as shown in Figure 8-4. 
During remainder of the coast period this temperature decreased gradually 


a 


long with other system temperatures. System bleeddown required 5/ seconds 


and system pressure stabilized at 46.9 N/cm2 (68 psia). 
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8.6 S-IVB HYDRAULIC SYSTEM (SECOND BURN) 


The auxiliary pump was activated to the flight mode at 10,914 seconds 

(580 seconds prior to second burn). System operation was normal through 
restart operation and during burn. During restart preparation the pump 
inlet oi] temperature rose from 289°K to 309°K (60.53 to 96.53°F) at restart 
as shown in Figure 8-5. System pressure stabilized at 49 N/cmé (71 psia) 
following a 52-second bleeddown. 


The maximum actuator torque resulting from the vehicle attitude command 


during second burn was in yaw at 11,380 N-m (100,719 in-1b) and was well 
within the design limit for the component. 
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SECTION. 9 
STRUCTURES 


9.1 SUMMARY 


The structural loads and dynamic environment experienced by the AS-501 
launch vehicle were well within the vehicle structural capability. Vehicle 
loads, due to the combined rigid body and dynamic longitudinal load and 
bending moment, were well below limit design values. Tank pressures, com- 
partment pressures, and structural temperatures also remained within limit 
design values, | 


The transients, due to thrust buildup and vehicle release, resulted in maxi- 
mum longitudinal and lateral dynamic load factors of +0.2 g and +0.08 g 
(simulated) respectively at the command module. The maximum bending moment 


condition, 5./2 x 10° N-m (4.22x10° lb-ft) in the S-IC LOX tank, was ex- 
perienced at 78.70 seconds. The maximum longitudinal loads were experienced 
at 135.52 seconds (IECO) at a rigid body acceleration of 4.15 g's. The maxi- 
mum longitudinal dynamic load factor, +0.9 g, occurred subsequent to OECO at 
the command module. 


Vehicle dynamic characteristics followed the trends established by preflight 
analyses. As predicted prior to launch, small thrust oscillations of magni- 
tudes less than 0.1 percent of total thrust occurred in the 4.5 to 5.5 hertz 
frequency range and excited the first longitudinal mode to small amplitudes. 
However, no longitudinal instability phenomenon occurred. 


Fin bending and torsional modes compare well with analytical predictions. 

No fin flutter occurred. S-IC, S-II, and S-IVB stage vibrations were as ex- 
pected. IU vibrations were as expected except for the inertial platform 
input vibrations which exceeded the random test specification at liftoff. 

No adverse effects were noted in platform performance. 


9.2 TOTAL VEHICLE STRUCTURES EVALUATION 
9.2.1 Longitudinal Loads 
The vehicle longitudinal dynamic response, due to thrust buildup and release, 


was determined by dynamic simulation and review of measured accelerations. 
The simulation utilized the individual F-1 engine thrust buildup and ignition 


9-| 


sequencing and holddown arm release times as determined from measured data. 
Predicted slow release device characteristics were used due to lack of 
measured data (refer to paragraph 11.3.1). Figure 9-1 shows the results of 
the simulation as compared to measured strain gage and accelerometer data. 
The upper two stations, where astronaut comfort is of prime concern, are 
presented in terms of acceleration and the lower two stations, where loads 
are the main consideration, in terms of load. In general, the measured and 
simulated data agree well considering that the strain gage frequency respons 
was limited to 2.4 hertz or less. The pre-release (cantilevered) mode of 


approximately 2.0 hertz can be seen in both the strain data and the simula-~- 


ted data, while the post liftoff modes have been effectively filtered from 
the strain data. The predominant frequencies after release were approxi- 
mately 3.8 and 4.4 hertz, corresponding to the first two longitudinal modes 
The noticeable beat pattern, with a period of approximately 1.9 seconds, 15S 
due to the superposition of these two fundamental oscillations. During 
thrust buildup and release the maximum longitudinal dynamic load factor, 
approximately +0.2 g (simulated), occurred at the command module. The long 
tudinal dynamic response, shown in Figure 9-1, is well within the allowable 
limits when applied in conjunction with the lateral dynamic response (see 
Figure 9-4) and rigid body loads which existed during thrust buildup and 
release. 


The longitudinal loads experienced during the time of maximum aerodynamic 
loading (maximum bending moment) and at maximum compression (IECO) are show 
in Figure 9-2. The postflight calculated longitudinal loads were computed 
using the measured accelerations recorded during S-IC stage burn, and the 
predicted mass characteristics of AS-501. The measured loads from strain 
gage data show excellent correlation with the postflight calculated loads. 


The vehicle longitudinal dynamic response experienced during S-IC OECO and 
S-IC/S-II separation is shown in Figure 9-3. The maximum longitudinal dy- 
namic load factor during this period of flight, approximately +0.9 g, 
occurred at the command module. This load factor is well within allowable 
limits. The excellent correlation between the measured data and the re- 
sponse simulated by using measured forcing functions is shown in Figure 9-3 


9.2.2 Bending Moments 


The vehicle lateral dynamic response due to thrust buildup and release was 
determined by dynamic simulation and review of measured accelerations. The 
simulation utilized the individual F-1 engine thrust buildup and ignition 
sequencing, and holddown arm release times as determined from measured date 
A steady 8 m/s (15.6 knots) wind was used. Predicted slow release device 
characteristics were used due to lack of measured data (refer to para- 
graph 11.3.1). Figure 9-4 shows the results otf the simulation compared 

to measured strain gage data. For compatibility with Figure 9-1, the 
upper two stations are presented in terms of acceleration and the lower 

two in terms of bending moment. In general, considering that the filtered 
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strain gage data includes only the rigid body load, the measured and simu- 
lated data agree very well up to liftoff. The deviations after liftoff can 
be attributed to strain gage unreliability at these low bending moments. 
During this period the maximum lateral dynamic load factor, approximately 
+0.08 g (simulated); was noted at. the command module. The response shown 
in Figure 9-4 is well within the allowable when applied with the longitudi- 
nal dynamic response (see Figure 9-1) and the rigid body loads which existe 
during thrust buildup and release. 


The maximum bending moment was experienced during S-IC powered flight at 
78.70 seconds. The distribution of this bending moment, as a function of 
vehicle station, is shown in Figure 9-5 along with the normal load factor 
and the design bending moment. The bending moment diagram (solid line) is 
computed from measured thrust, gimbal angle, dynamic pressure, angle-of- 
attack, and modal acceleration. The bending moments indicated by circles 
were derived from strain gage data. The results of the two methods show 
excellent agreement and both are well below the design curve. Lateral load 
due to vehicle dynamics were insignificant at this time. 
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Figure 9-5. Maximum Bending Moment at MAX Q (t = 78.7 sec)™ 


9.2.3 Vehicle Dynamic Characteristics 


9.2.3.1 Longitudinal Dynamic Characteristics - The predominant longitudinal 
frequencies and amplitudes at specific time points during S-IC Stage powered 
Flight were determined by a 0.4 hertz bandwidth spectral analysis, using 
selected longitudinal measurements which had suitable response. Figure 9-6 
presents the results of this analysis. The frequencies recorded correlate 
very closely with the analytical and dynamic test results for the first 
longitudinal mode. The tank bulging mode, shown as a dashed line, disappears 
after 15 seconds as sufficient propellant is consumed. The amplitude of the 
first mode, as recorded at the instrument unit, peaks between 10 and 20 
seconds and again between 100 and 120 seconds. The amplitude at these peaks 
iS approximately 0.027 Grms. 


Oscillograms were inspected and a spectral analysis of pump inlet and cham- 
ber pressures was accomplished to determine if any longitudinal ins tabi lity 
phenomenon occurred due to thrust oscillations coupling with the longitudi- 
nal structural dynamics. Throughout S-IC powered flight the combus tion 
chamber pressures exhibited small amplitude thrust oscillations varying 
within a 4 to 5.5 hertz frequency range. These frequencies apparently 
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Figure 9-6. First Longitudinal Modal Frequencies and Amplitudes 
During S-IC Powered Flight 
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coincided with the frequency of the vehicle first longitudinal mode for a 

sufficient length of time to cause the two small amplitude peaks observed 
a in Figure 9-6. However, the structural oscillations did not feed back 
os oe into the thrust and cause a longitudinal instability. The observed 

oes | longitudinal oscillations were as predicted. 

ae Figure 9-7 shows a comparison of normalized flight data with analytically 
predicted longitudinal mode shapes. Mode shape data from the dynamic test 
have been included on one of the shapes for comparison purposes. Since 
the largest amplitudes obtained from the spectral analysis represent only 
| percent of the full scale range of the accelerometers, the magnitudes 
are difficult to establish with any degree of accuracy. Therefore, the 
normalized amplitudes of the measured data points in Figure 9-7 are 
questionable and it is believed that the true amplitudes are in close 
agreement with the analytical mode shapes. 


INS Og 9.2.3.2 Lateral Dynamic Characteristics - Low level oscillations in both 
2 pitch and yaw were detectable throughout S-IC powered Flight. The 
hs ae frequencies of these oscillations as determined from a 0.33 hertz band- 
width spectral analysis, agree very well with the analytical predictions 
oe and dynamic test results as shown in Figure 9-8. In general, the modal 
ae ce ed amplitudes were higher in the yaw plane than in the pitch plane. The 
i first three yaw modes and the first two pitch modes were evident, at 
various times, throughout first stage boost. The third pitch mode 
appeared only during the first 107 seconds of flight. Figure 9-8 
presents the analytical and dynamic test modal frequencies versus time 
compared to the frequencies recorded by accelerometers at various stations. 
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Figure 9-7. First Longitudinal Mode Shapes During S-IC Powered Fliaht 
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Figure 9-8 also shows the amplitudes of the observed modes at the instrument 
unit versus time. The maximum modal amplitude observed was 0.011 Grms in 
the first yaw mode during liftoff at the instrument unit. It appears that 
the first mode phase stabilization used in the flight control system is 
particularly effective in damping out the first mode response. A comparison 
of normalized flight data with analytically predicted pitch mode shapes is 
Presented in Figure 9-9, Mode shape data from the dynamic test have been 
included on two of the shapes for comparison purposes. Yaw mode shapes are 
identical to the pitch shapes and, therefore, are not shown, 


9.2.4 S-IC Fin Dynamics 


Fin lateral vibration levels, as measured at fin station 132, are plotted 
versus vehicle velocity in Figure 9-10 for the S-IC Stage powered flight. 
Acceleration levels were highest at liftoff and maximum dynamic pressure. 

At these times the levels exceeded the +10 g calibrated range of the accel- 
erometers and it was not possible to determine the actual levels. At maxi- 
mum dynamic pressure the level of the 25 hertz bending mode was significant- 
ly above the levels of all other modes noted. 


In-flight measured values of S-IC stage fin bending and torsional mode fre- 
quencies are also shown in Figure 9-10. Dynamic test vehicle measured fre- 
quencies and analytically predicted frequencies are shown for comparison. 
Flight measured frequencies of 25, 38, 55, 65, and 78 hertz remained 
approximately constant with velocity. The 25 hertz frequency was identi- 
fied as corresponding to a fin bending mode. The remaining frequencies were 
identified as corresponding to fin torsion or chord bending modes. Note 
that the fin modal frequencies did not coalesce. This data confirms that 

no fin flutter conditions existed TOr AS-501), 


The bending moments on S-IC stage fins were well below design capability, 
Since winds encountered in flight were well below design winds. 


9.3 VIBRATION EVALUATION 
9.3.1 S-IC Stage and Engine Evaluation 


The S-IC structure, engine, and component vibration measurements taken on 
the S-IC stage are summarized in Figures 9-11 through 9-13 and Table 9-1. 

A total of 51 single sideband vibration measurements were taken of which 33 
yielded usable data. The acoustic environment reported in paragraphs 

16.4.1 and 16.4.2 of this document correlate well with these vibration data. 


9.3.1.1 S-IC Stage Structure - Measurements taken on the stage structure 
are summarized in Figure 9-11 and Table 9-1. Amplitudes at the thrust 
Structure are similar to static firing levels at liftoff and are lower 
during the remainder of the flight. Two measurements at the thrust 
Structure exceeded static firing levels at liftoff, but are generally 
within design levels. The intertank structure and forward skirt 
structure show vibration levels considerably less than static firing= 
during liftoff and throughout flight. 
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Figure 9-10. S-IC Fin Vibration Response and Bending and Torsional 
Modal Frequencies 
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Figure 9-11. S-IC Stage Structure Vibration Envelopes 
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Figure 9-12. S-IC Stage Engine Vibration Envelopes (Turbopump) 


9.3.1.2 F-1 Engines - Measurements on the F-| engine combustion chamber 
produced insufficient data to construct an overall Grms level versus flight 
time plot. All five vibration measurements on the combustion chamber are 
considered invalid. Four measurements of 14 on the turbopump produced 

data sufficiently valid to indicate the levels on the F-1 engine turbopump. 
The Grms levels are similar to static firing throughout fliaht. Turbopump 
measurements are summarized in Figure 9-12 and Table 9-]. 


9.3.1.3 S-IC Stage Components - The responses of three components on the 
S_IC: the servoactuators, the cold helium line, and the LOX feed line are 
summarized in Figure 9-13 and Table 9-1. The engine actuator measurements 
showed amplitudes much lower than static firing. The cold helium line 
showed levels similar to meximum levels measured during Static: tiring: 

The higher levels at liftoff reflect the difference in deflector location 
relative to the cold helium line between the static firing stand and the 
LUT. Measurements. taken on the LOX feed line show data throughout flight 
similar to static firing data. The constant level throughout aGrslane 
andicates that the vibration is a result of engine and flow dynamics and 


is not affected by acoustics. 
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Figure 9-13. S-IC Stage Components Vibration Envelopes 


9.3.2 S-II Stage and Engine Evaluation 


The AS-501 S-II structure, engine, and component vibration measurements 
evaluated on the S-II stage are summarized in Figures 9-14 through 9-16 and 
Table 9-2. The composite vibration response characteristics of all measure- 
ments were Jess than the maximum overall Grms levels expected. During S-IC 
powered flight these vibration responses correlate closely with the acoustic 
environment reported in paragraph 16.4.1 of this document. 


9.3.2.1 S-II Stage Structure - The measurements taken on the stage struc- 
ture are summarized in Figure 9-14 and Table 9-2. The trends were as 
expected and the Grms levels were less than the maximum expected. Signifi- 
cant peaks occur at liftoff and Mach 1/Max q at all locations. Qn the 
thrust cone the maximum levels occurred after S-II engine start as expected. 
On the interstage a measurable peak also occurred between S-IC/S-II separa- 
tion and interstage jettison due to combined effects of ullage motor firing 
and S-II engine thrust buildup. 


28 45S 9.3.2.2 S-II Stage J-2 Engines - The measurements taken on the S-II stage 
Oe ee a ee J-2 engines are summarized in Figure 9-15 and Table 9-2. The trends were 
as expected with the maximum levels occurring after S-II engine start. The 
LOX pump measurements show a sharp amplitude increase at the engine mixture 
ratio shift time, as expected. This increased vibration results from 
changed flow characteristics through the LOX pump after the propellant 
utilization (LOX bypass) valve position is changed. All composite Grms 
amplitudes were lower than the maximum expected. 


9.3.2.3 S-II Stage Components - S-II stage forward skirt and thrust cone 
container vibration levels are summarized in Figure 9-16 and Table 9-2. 

All composite Grms amplitude levels were lower than the maximums expected 
and the trends were as expected. All containers showed significant response 
to liftoff, Mach 1/Max q, and S-II engine start. 


9.3.3 S-IVB Stage and Engine Evaluation 


Eight structural, eighteen component, and three engine measurements were in- 
cluded in the vibration evaluation. The maximum composite (50 to 3000 
hertz) vibration levels measured at each location are summarized in 

Table 9-3. Time histories of the maximum and minimum composite levels for 
the structural, forward skirt components, aft skirt components and engine 
measurements are shown in Figure 9-17. Time histories of measurements com- 
parable to measurements made during Saturn IB flights are included for in- 
formation only and are shown in Figure 9-18. Vibration levels during S-IC 
powered flight follow the same trend as acoustic levels reported in para- 
graphs 16.4.1 and 16.4.2 of this document. 
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Figure 9-15. S-II Stage Engine Vibration Envelopes 
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9.3.3.] S-IVB Stage Structure and Components - For comparison purposes the 
S-IVB structure and component composite vibration levels are shown with meas: 
urements taken during Saturn IB flights. The S-IVB structure and component 
composite vibration levels were lower at liftoff and hiaher in the hiah 
dynamic pressure portion of the AS-50)] fliaht. 


9.3.3.2 S-IVB Stage J-2 Engine - The J-2 engine vibration levels were in- 
Significant during the S-IC and S-II powered portions of the fliaht. The 
levels measured during the first burn of the S-IVB were the same as levels 
measured during acceptance firing. No calibrations were made during the 
second burn and the data shown are based upon the calibrations made during 
the first burn. The increase in the vibration envelope part way throudh the 
second burn coincides in time with the change in enaine mixture ratio. This 
dependency has also been noted during acceptance firinas. 


9.3.4 Instrument Unit Evaluation 


Eight measurements were used on the IU for monitorina structural vibration 
at the upper and lower interface rings and 20 measurements were used to moni- 
tor IU component vibration. For comparison purposes the IU structure and 
component measurements are shown with those taken durina the Saturn IB AS-20: 
flight. Fiaure 9-19 shows the Grms time histories of these measurements. 

In general, higher vibration levels were experienced on AS~501 except that 
the component vibration was greater at liftoff on AS-202. On AS-501 the 
levels were generally higher at Mach 1/Max q than at liftoff and became neq- 
ligible after S-IC powered flight. The external acoustics reported in 
section 16.4.1 follow the same trend as the vibrations. 


9.3.4.1 Instrument Unit Structure - The structural vibration levels at the 
S-IVB/IU interface were, in general, lower than those encountered at the 
IU/SLA interface, but the spread of data between the interface rings was 
rather narrow. 


9.3.4.2 Instrument Unit Components - The component vibration measurements 
exhibit a broader range of data than the structural measurements due to the 
different response characteristics of the various components. The upper por 
tion of the component data envelopes was determined by the perpendicular 
measurements on the flight control computer and the aas bearing supply panel 
Most of the lower portion of the envelope was determined by the three 
ST-124M-3 Inertial Platform gimbal measurements E1-603, E2-603, and E3-603. 
One anomaly was noted as a result of the component vibration evaluation. 

The vibration input to the ST-124M-3 Inertial Platform at liftoff exceeded 
the random test specification, R-P&VE-SVE-64-240, to which the platform was 
qualified. Power spectral density (PSD) plots for measurements E37-603, 
E36-603, E£38-603, E43-603 and E44-603 are compared to the test specification 
in Figure 9-20. The measurement locations are also shown in Fiqure 9-20. 
Note that the tangential vibration is within the specification limts. How- 
ever, the longitudinal and perpendicular vibrations exceed the specification 
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Figure 9-19. Instrument Unit Vibration Envelopes 
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at the lower frequencies. No adverse effects were noted in the performance 
of the inertial platform due to vibration (refer to paragraphs 10.2 and 
10.5.1), however, specification changes are under consideration to bring the 
test spectra more in line with the observed liftoff environment. 
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SECTION 10 
GUIDANCE AND NAVIGATION 


10.1 SUMMARY 


The Navigation and Guidance System of AS-501 performed satisfactorily through- 
out boost phase of flight. The accumulation of velocity pulses near liftoff 
which occurred in the Z (cross range) axis during the AS-202 flight, did not 
occur in the X, Y, or Z axes during the AS-501 flight. Gimbal angle reason- 
ableness test failure, as observed in the X gimbal angle on the AS-202 flight, 
did not occur on the AS-501 flight. Initial pitch, yaw, and rol] maneuvers 
were performed as expected. The yaw maneuver was initiated at 1.26 seconds 
and terminated at 10.16 seconds. 


Shortly after S-II stage ignition, a +1.3 degree ladder output was generated 
by the Launch Vehicle Digital Computer/Launch Vehicle Digital Adapter (LVDC/ 
LVDA) due to a positive clockwise torque which developed a positive roll in 
the vehicle. The positive roll rate was nulled out by the ladder command 
and a +1.3 degree roll offset remained throughout S-II stage burn. Steering 
misalignment corrections were developed by the LVDC shortly after iterative 
guidance mode (IGM) initiation. At S-II stage engine cutoff, the positive 
Clockwise roll torque was removed. 


From 11,595 seconds to 11,620 seconds, commanded (CHI) rates of a maximum 

1.0 degree-per-second in positive pitch and negative yaw were commanded in 
response to fifth phase IGM calculations. During this time, a positive roll 
on the vehicle was observed. The roll reached a maximum value of 2.2 degrees 
at 11,617 seconds and decreased to zero at 11,638.4 seconds when CHI rates 
reached zero. | 


All programed maneuvers were completed satisfactorily during AS-501 orbital 
guidance. 


10.2 GUIDANCE SYSTEM DESCRIPTION 


The ST-124M Inertial Platform is a three-gimbal configuration with gas bear- 
ing gyros and accelerometers mounted on the stable element to provide a 
space-fixed coordinate reference frame. for attitude control and for naviga- 
tion measurements. Vehicle accelerations and rotation are sensed relative 
to this stable element. Gimbal angles are measured by resolvers, which have 
fine and coarse outputs, and inertial velocity is obtained from accelero- 
meter head rotation in the form of encoder outputs, which have redundant 
channels. 














The following changes were incorporated in the AS-501/IU platform to elimi- 


nate an accelerometer problem caused by vehicle vibration on uprated 
Saturn I vehicles. 


a. Three channel iron supports were placed on the outside of the AS-501/IU- 
at the mounting points of the platform for vibration attenuation. 


b. The accelerometer float stops were changed from +3.0 and -3.5 degrees 
freedom to +6 degrees in freedom to prevent the float striking the 


mechanical stops during periods of high vibration levels at critical 
frequencies. 


A block diagram of the Navigation, Guidance, and Control System is shown in 
Figure 10-1 and described in Appendix B. 


The LVDC orbital program consists of two interruptable monitor routines. 
The first is the Instrument Unit Hardware Evaluation Program (HEP), and the 
second is the Telemetry Executive Program (TEP). Navigation, guidance, 
event sequencing, attitude control, and ground command processing are 
initiated on an interrupt basis from either HEP or TEP. 


During orbital flight and when the vehicle is not over a ground station, the 
HEP routine is exercised. That is, the computer will be engaged in address- 
ing the Computer Interface Unit (CIU), compressing CIU and LVDC data, and 
executing computer self-test. 


Once the vehicle acquires a ground station, TEP is entered as the program 
major loop. This routine provides time sharing telemetry compressed and 
real time data. In addition, command system data and various special data 
are telemetered on an interrupt basis. Data from the LVDA is telemetered 
automatically. 


Ground command processing is accomplished by the Command Receiver interrupt 


with the Digital Command System (DCS) routine. The DCS routine processes all 


ground commands, provides data and mode verification, and supplies the 
necessary information to the various affected routines. 


10.3 GUIDANCE INTELLIGENCE ERRORS 


The postflight guidance hardware error analysis is based on comparisons of 
the measured velocities with tracking and/or an established trajectory. 
Figure 10-2 presents comparisons of the platform-measured velocities with 
corresponding values from the final GLOTRAC data. 


The accuracy of the postflight powered trajectory to parking orbit is not as 
good as desired. However, the excellent agreement between GLOTRAC and the 
postflight trajectory during S-IVB second burn indicated a very good tra- 
jectory for that portion of flight. The small velocity differences accumu- 
lated during S-IVB second burn between guidance and tracking indicated 


10-2 












COMMAND 
RECEIVER 






LAUNCH VEHICLE 
DIGITAL COMPUTER 
(1 VOC) 






ST-124M-3 
INERTIAL 
PLATFORM 








i ree eee ea ae 


COMMAND 
DECODER 

























INST CIR 






3 XFER REG HSM QUTPUT 
INTERRUPT 


27 OPER AND ADDRESS 


3 





13 LOGIC ERRORS 
9 HSM ERRORS 
3 1/0 SFER REGISTER 


21 SYNC TIMING 
3 ACCUM. 


3 PIO 





4 X GIMBAL RESOLVERS 
4 Y GIMBAL RESOLVERS 
4 Z GIMBAL RESOLVERS 


13 DATA 


4 X ACCEL. ENCODER 
4 Y ACCEL. ENCODER 
4 Z ACCEL. ENCODER 


~ 





1_MODE_DATA BIT 
1 COMPUTER RESET 


4 X ACCEL ENCODER 


| 4 Y ACCEL ENCODER | 
| __4 Z ACCEL ENCODER 







ACCELEROMETER 


SIGNAL CONDITIONER LAUNCH VEHICLE 


DATA ADAPTER (LVDA) 


3 STDGE SELECT 
2 READ COMMAND 
2 REGISTER RESET 
8 ADDRESS 
8 ADDRESS VARIFY 






2 ATTITUDE ERROR PITCH || 
2 ATTITUDE ERROR ROLL 
| 2 ATTITUDE ERROR YAW 


SWITCH SELECTORS 1 
3 RATE PITCH PITCH RATE 
S- VB 3 RATE ROLL ROLL RATE 












FLIGHT 
CONTROL 
COMPUTER 








YAW RATE 










s-I 
) | CONTROL-EDS I ale Bars : 
S-1€ ; RATE GYROS =a US 
f Wt aa 
J uw Ola 
arp erl= 
ZW ot] 
— bf] Se 
> iW ’ oO 
eee WM <Ti 
wy Or m Te} 
= 
fo) 





APS OR ACTUATORS | 
FOR ACTIVE STAGE | 


Figure 10-1. Navigation, Guidance, and Control System Block Diagram 
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Figure 10-2. 


very small hardware errors. No hardware error analysis is presented at this 
time due to late arrival of GLOTRAC data. 


The bias error of each accelerometer was checked by two methods: 


a. lTelemetered velocity outputs, received from the Instrument Unit after 
Spacecraft separation, were plotted over extended periods of time to 
determine the acceleration during free fall. These accelerations should 
represent the errors due to bias. These errors were essentially the 
Same magnitude as the preflight measurements. Any difference noted was 
Tess than +1.0x10-4 m/s@ (3.3 x 10-4 ft/s2), 


b. Solutions from the postflight Orbital Correction Program (OCP) using the 
measured velocity changes were compatible with the bias terms Shown. 
Curve fits of compressed telemetry of the accelerometer readings were 
used in the OCP. 


The platform-measured velocities are shown in Table 10-1, along with values 


from the reference trajectory at corresponding event times. The values shown 


at S-IVB second burn cutoff and injection are velocities accumulated after 
time base 6 (11,159.58 sec). No discrepancy was noted between the data 
telemetered from the accelerometer pickoffs and the accumulated velocities 


from the LVDC. Any discrepancies between the comparisons shown in Table 10-1 


and the differences shown in Figure 10-1 are due to differences between 
GLOTRAC and the postflight trajectory. 


10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 
10.4.1 Guidance Comparisons 


Navigation parameters at event times are shown in Table 10-2. Values from 
both the operational and postflight trajectories are shown for comparison 
with the LVDC computed values. The differences are relatively small for the 
launch phase events. Deviations between LVDC and postflight trajectory 
values reflect any errors in the guidance hardware and the accuracy of the 
trajectory. The differences between the LVDC and Operational trajectory 
reflect nonstandard flight conditions and vehicle performance. The large 
differences noted at injection into waiting orbit are explained in the fol- 
lowing paragraphs. 


Table 10-3 presents comparisons of the postflight trajectory with the LVDC 
navigational parameters along with a similar comparison between the opera- 
tional or preflight trajectory and predicted LVDC values. At 765.9 seconds 
the guidance computer went into the orbital navigation mode using a pre- 
loaded venting profile instead of the measured accelerations. The preloaded 
vent acceleration was intentionally held constant at a lower value (see 
Figure 4-6, Section 4) than the expected venting. This bias was applied to 
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Table 10-1. Guidance Inertial Velocity Comparisons 





TELEMETERED GUIDANCE POSTFLIGHT 
EVENTS VELOCITY ACCELEROMETER COMPUTER TRAJECTORY 
| m/s (ft/s) m/s (ft/s) m/s (ft/s) 
eaKs x 2155.6 2155.6 155.5 
OECO (7072.0) (707230) (7071.7) 
Y 2549.7 2549.7 2551.2 
8364.1: (8365.0) (8369.9) 
7 B26 -2.6 Ricans 
(-8.4) (-8.4) (-9.8) 
Sait X 6641 .4 6641.4 6641.1 
Cutoff (21789.2) (21789 .2) (21788.2) 
Y 3357.7 3357 .7 3359.7 
(11015.9) (11015 .9) (110227) 
Z ea36 -3.6 -6 .3 
(=11..8) (ste) (=20:.7) 
S-IVB First X 7594.7 7594 ./ 7594.2 
Cutoff (24916.8) (24916.9) (24915 .4) 
Y 3118.0 3118.0 3119.9 
(10229, 7) (10229 .6) (10235 .9) 
Z 2.5 2.5 20:4 
(3.0) (8.0) Casa 
Parking Orbit X 7596 .8. 7596 .8 759623 
Insertion (24923.7) (24923.7) (24922 .2) 
Y 3117.5 3117.5 3119.4 
(10227 .9) (10227 .9) (10234 .2) 
Z 2.5 2.5 =0,4 
(8.2) (8322). (lad). 
S-IVB Second *  X 2534.6 2534.6 2534.8 
a Cutoff (8315.6) (8315 .6) (8316.3) 
Y -63.2 -63.2 -61.8 
(-207 .3) (2207-3) (2202.7) 
Z -1140.8 ~1140.8 a ATO 
(-3742.6) (-3742 .6) (-3841.8) 
Injection xX 2537.1 2537.1 2537.3. 
(S-IVB CO + (8323.8) (8323.8) (8324.5) 
10 Sec) Y -66..3 -66.3 -64.9°. 
(-217.4) (=2174) (=212.3) 
Z -1142.5 ~1142.5 “114227 
(3748.4) _ (-3748 .4) (-3749.1)_ 


*NOTE: Values represent velocity change from time base 6. 
Absolute values not applicable. 
| 10-6 
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obtain orbital elements which guaranteed that the Spacecraft reentry path 
angle would not exceed -9.2 degrees for the contingency that the spacecraft 
propulsion system (SPS) did not ignite. A better approach to changing the 
orbital elements would be to retarget (i.e., change the guidance presettings). 
However, the retarget requirement on AS-501 came after the guidance computer 
flight program input deadline had passed. The decision was made to bias the 
vent acceleration rather than retarget because the impact was much less. 
Due to this biased input for orbital computations, component errors in posi- 
tion and velocity were large when the computer initialized for S-IVB second 
burn computations. 
ee. The components of acceleration due to gravity are a function of the vehicle 
position components. Since the components of the LVDC computed positions and 
velocities were significantly in error when the computer switched to the 
power mode of navigation for S-IVB second burn, the velocity component 
changes due to gravity calculations were erroneous. The predicted values 
in Table 10-3 were obtained by Simulating a trajectory utilizing the mean 
expected vent profile in the trajectory model and the preloaded vent pro- 
file in the guidance computer model. The postflight orbital trajectory 
analysis indicates that the actual vent profile was approximately 15 percent 
less than the mean. Reducing the differences shown in the preflight columns 
by this percentage brings them into agreement with the actual differences 
experienced. 


A study of Table 10-4 will show why the velocity differences at waiting orbit 
Injection were considerably larger than at time base 6. The Space-fixed 
navigational velocity is equal to the algebraic sum of the inertial guidance 
velocity and the gravitational velocity (Xe=Kntig?- The small re deviations 


are due to postflight trajectory and guidance hardware uncertainties. The 
navigational velocity component deviations are due to the onboard-computer 
calculated gravitational velocity components. A comparison has been made 
with the gravity computations made by the LVDC using position components 
from the LVDC in the gravity equations used in the postflight and the 
Operational trajectory programs. The points checked are at time base 6 and 
waiting orbit injection. The outputs of the trajectory equations are 
identical with the LVDC outputs to the fourth decimal place. This indicates 
that the guidance scheme performed properly on AS-501. 


Table 10-5 presents a comparison of injection parameters computed from the 
LVDC data and predicted navigational values. Similar values from the post- 
flight and operational trajectories are shown in section 4, Trajectory. 
10.4.2 Evaluation of Programed Flight Maneuvers 

The S-IC stage roll and yaw maneuvers were performed properly. The yaw com- 


mand was set at 1.26 second and was removed at 10.16 seconds. The initial 
roll error of -18 degrees was removed by 31.99 seconds. The time tilt began 
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Table 10-4. 







PARAMETER 












(-3594 .7) 
Y. -4393.7 
(~14415.1) 
7 512079 
: (-3995.0) 
x 2537.1 
(8323.8) 
Y -66 .3 
it (-217.4) 
Z. -1142.5 
(-3748.4) 
x 3632.8 
g (-11918.5) 
Y -4327.5 
g (-14197.7) 
7 2/52 
g (-246 .6) 
= ve ¥ 
mM 


Time Base 6 to Orbital Injection 


GUIDANCE 
LVDC 


m/s 
( ft/s } 


-1095./7 








(-3749.1) 


rn tt 


TRAJECTORY 


(OMPT ) 


m/s 
(4t/>:} 


-1024.0 


(-3359.7) 
~-4436.2 
(-14554.6) 


-1215.0. 
(-3986.2) 


2537.3 
(8324.5) 


-64.9 
(-212.8) 


-1142.7 


-3561.3. 
(-11684.2) 


~4371.4 
(-14341.8) 


ee are 


(-237 1) 
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Comparison of Velocity Changes 
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Table 10-5. Injection Comparisons 
(Second S-IVB Cutoff Plus 10 Seconds) 


SOURCE PREFLIGHT PREFLIGHT 3 SIGMA 
PARAMETER GUIDANCE NAVIGATION MINUS GUIDANCE TOLERANCE 







Inclination Cal We Pa a -Q.00] +0 .04] 













(deg) ~0.043 
Node (deg) 135,395 135.408 oe +0.189 
-0.193 
C3 me/s2 -27173622 -27286907 -113285 +325074 
- 327460 
(Ft2/s¢) 
~29249 4430 -29 3713820 -~1219390 +3499070 
7 ~ 3524750 
Eccentricity 0.57233 0.57081 -0.00152 +0.00457 





-0.00457 





at 11.06 seconds and was arrested at 145.07 seconds. The pitch profile was 
executed properly. The S-IC stage cutoff time was approximately 1.1 seconds 
earlier than the predicted. 


The S-IIT stage IGM was started at 190.88 seconds and Steering Misalignment 
Correction (SMC) at 208.4 seconds. The initial changes in the IGM pitch and 
yaw commands were 6.0 and 0.3 degrees, respectively. The S-II Stage Pro- 
pellant Mixture Ratio Change (PMRC) was approximately 15 seconds later than 
predicted. This change time is, however, well within specifications. The 
S-II stage IGM commands were as expected. 


The first S-IVB stage IGM was started at 527.65 seconds with SMC beginning 
at 537.2 seconds. The change in initial pitch and yaw commands was 7.4 and 
0.1 degrees, respectively. The first S-IVB Stage Artificial Tau was com- 
pleted at 533.4 seconds with a change in the pitch command of 2.4 degrees. 
Artificial Tau is a computation mode that is used to achieve a smooth tran- 
Sition between acceleration levels from one phase of IGM to another and is 
based on predicted performance. The CHI Tilde steering mode was entered at 
632.25 seconds and the altitude constraint terms in the guidance steering 
equations, dropped at this point were less than 0.1 degree. The S-IVB stage 
IGM performed properly with cutoff occurring at 665.88 seconds. 


The parking orbit guidance was nominal. An analysis of the accuracy of the 


My aes orbital navigation is under study. Orbital guidance was initiated by 681.3 


seconds. The local horizontal was achieved by 713.8 seconds. 


The chilldown logic worked properly and time base 6 was started near the 
predicted time. The reorientation attitude for reignition was achieved with 
the out-of-orbit IGM beginning at 11,499.99 seconds. The initial attitude 
commands changed from the reoriented values by 3.8 degrees and 0.4 degree in 


10-11 


pitch and yaw, respectively. Comparisons of the actual F/M (thrust/mass) 
with the predicted F/M indicate that the Mixture Ratio (EMR) reached 5.5 
soon after initiation of second S-IVB burn and changed to 9.0 approximately 
85 seconds after ignition. The 5.5 EMR represents approximately 11 percent 
higher than nominal performance. The flight program verification effort did 
not cover the possibility of an initial EMR of either 5.5 or 4.5 and the 
corresponding shift to 5.0. The maximum perturbation considered was a 9 
percent high thrust and a 5.3 percent off-load of total propellant. This 
combination results in an acceleration perturbation of approximately 10.9 
percent, but does not consider a EMR shift. The combination was considered 
to test the yaw command limit of 45 degrees. The EMR shift cases were not 
simulated. No adverse effects resulted from the high EMR and the IGM per- 
formed correctly. Rate limiting occurred when the guidance equations were 
staged to use Tau 3 at 11,5/70.0 seconds. This is expected with the change 
in Tau 3 of approximately 90 seconds. Tau is the product of the average 
exhaust velocity and the reciprocal of acceleration; it represents the 
amount of time required to burn all remaining vehicle mass at a constant mas: 
flow rate. The CHI Tilde steering mode was started at 11,758.18 seconds. 
The pitch command was rate limited from 11,758.18 to 11,776.10 seconds. S-IVI 
stage cutoff occurred at 11, 786.2/ seconds giving7a second burn time approx- 
imately 15.2 seconds shorter than predicted. The shorter burn was due to 
the high EMR. The attitude commands were frozen through the cutoff point. 


The orbital guidance commanded the separation attitude at 11,807.2 seconds, 
and the vehicle was within the control system deadband by 11,955.2 seconds. 
The command necessary to direct position one on the vehicle toward Ascension 
Island was started at 12,487.1 seconds. 


10.4.3 Orbital Routines 
Data compression performed as expected for applicable periods of flight. 


A sequence of four generalized switch selector commands was transmitted by 
MCC-H in an attempt to close the LH2 continuous vent valve. The first 
transmission was made at 11,242.0 seconds. Jhis sequence was repeated at 
11,295.4 and 11,325.4 seconds. All commands were received and implemented 
by the LVDC and proper telemetry was returned. At 11,361.4 seconds, a mode 
command was transmitted as shown in the telemetry data. No data transmissic 
accompanied this mode word and no Command Receiver Pulse (CRP) was issued. 
The command transmitting function was transferred from Texas to the Cape at 
this point. At 11,441.1 seconds a mode command was transmitted. This 
command was rejected by the program and a 20 error code was returned. This 
code indicated that the program was expecting a data command and received 

a mode command. This occurred because no data were transmitted with the 
mode command at 11,361.4 seconds. Operation of the program was correct. 
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10.5 GUIDANCE SYSTEM COMPONENT EVALUATION 


10.5.1 ST-124M-3 Inertial Platform Subsystem 


The performance of the ST-124M-3 Inertial Platform and associated equipment 
indicated nominal performance. The accelerometer pickup and servo amplifier 
output signals indicated normal loop operation. The oscillations seen in 
the accelerometer signals were typical vibration response characteristics 
noted in all previous vehicles. The gyro pickup and servo amplifier out- 
put signals indicated that inertial reference was maintained throughout the 
entire mission. The gyro loop null voltages were at or near their Specified 
Timits (X = + 60 millivolts, Y = + 60 millivolts) of +100 millivolts. The 
low frequency vibration observed on the platform was greater than that seen 
in any previous mission. The high frequency vibration (above 120 hertz) was 
generally the same as that observed on AS-202-IU. Opening of the accelero- 
meter stops to +6 degrees prevented the vibration induced malfunction 
observed in AS-202-IU from occurring on AS-501-IU as shown in Figure 10-3. 
The excitation voltage levels, temperatures, and pressures of the platform 
were within design limits; performance was as predicted. 


Figure 10-4 shows a comparison of the AS-202 and AS-501 vibration levels as 

measured by transducers mounted on the platform inertial gimbal. This graph 
illustrates the higher vibration level experienced at liftoff by AS-501-IU. 

Further information on platform vibration is contained in structures 

section 9.3.4.2. 


10.5.2 Launch Vehicle Digital Computer and Launch Vehicle Data Adapter 


The LVDA and the LVDC performed as predicted for the AS-501 Flight. The 
occurrence of one error monitor word was observed in compressed data. This 
indicates a disagreement of the Triple Modular Redundant (TMR) logic chan- 
nels associated with the LVDA interrupt processor during the preceding dark 
(no data) period. This error monitor word indicates disagreement in the 

IMR Computer Interface Unit (CIU) interrupt logic and did not impact mission 
requirements. 
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SECTION 11 
CONTROL SYSTEM 


11.1 > SUMMARY 


The control system performed throughout flight as expected. Liftoff tran- 
Sients and drift were well within expected tolerances. Vehicle liftoff 
acceleration, however, was substantially less than predicted apparently due 
to higher than expected soft release rod forces. 


The maximum values of attitude errors were 1.3 degrees | ih Ditech, and: 1.0 
degree in yaw and roll during S-IC powered flight. 


The control system performance during S-II Stage burn was as expected. 
Shortly after S-II Stage ignition, a positive clockwise torque on the ve- 
nicle developed a 1.3 dearee roll offset throughout the S-II Staqe burn 
period. The roll offset was removed at S-II Staqe cutoff. Cause of the 
roll offset may be attributed to a combination of enaine misalianment and 
center of aravity offset. 


The S-IVB stage engine control system performed normally during first and 
second S-IVB stage burn modes, Auxiliary Propulsion System (APS) operation 
was nominal throughout burn and coast periods. S-IVB control system activity 
during the initial portion of second burn was greater than expected due to 
approximately 55 seconds of J-2 engine operation at the high EMR thrust level. 
The S-IVB stage auxiliary propulsion system provided nominal roll contro’ 
during first and second burn. It also successfully performed all required 
orbital maneuvers. Propellant expenditure was 62.2 percent in tne module at 
position III and 61.8 percent in the module at position I of the APS at loss 
of telemetry. 


Vehicle attitudes and rates were within design tolerances during s-1C/SeLi,, 
S-II/S-IVB, and S-IVB/SC separations. 


11.2 CONTROL SYSTEM DESCRIPTION 


Figure Il-1 shows the interconnection and signal flow paths for the control 
components. Except for attitude error commands from the guidance system, all 
Inputs originate within the control system. A description of the control 
system 1s contained in Appendix B. 


FROM 
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Figure 11-1. Control Components Block Diagram 


Vehicle attitude correction is accomplished in accordance with the require- 
ments of the guidance system through attitude error signals. These signals 
are generated by the Launch Vehicle Digital Computer (LVDC) and Launch Ve- 
hicle Data Adapter (LVDA). During S-IC stage burn attitude error commands 
are the result of a time tilt and roll program and occur mainly around the 
pitch and rol] axes. At the initiation of IGM, attitude error commands be- 
come the result of guidance system computations. 


Angular rate inputs are present when the control system has responded to 
attitude error commands and provide damping to insure that commanded changes 
do not occur at rates in excess of body structural limits. Vehicle attitude 
changes are commanded at rates of 1 degree per second or less, depending upc 
requirements of the guidance system. 


Control system outputs are valve currents (Ty) to first, second, and third 
stage engine actuators and relay currents to the APS. 


11.3 S-IC CONTROL SYSTEM EVALUATION 


This section reports the flight dynamic analysis for the SA-501 launch ve- 
hicle during S-IC flight. This includes a liftoff and tower clearance 


evaluation as well as S-IC flight dynamics. Preflight dynamic analyses are 
contained in "Saturn V Flight Dynamics, SA-501," Boeing Document D-15509-1C. 
Supporting stability analysis is published in "Launch Vehicle Flight Control 
system Stability Analysis, SA-501," Boeing Document D5-15554-1A and updated 
in Boeing Memo 5-9300-H-1707 to MSFC. The update reflects the results of the 
Dynamic Test Vehicle Program. 


The SA-901 liftoff and tower clearance is compared with the worst case pre- 
flight clearances as well as results from simulation updated with actual 
Flight data. The S-IC dynamics are compared with updated simulation results 
only. 


The first guidance command occured at 1.26 seconds in the form of a 1.25 de- 
gree yaw bias returning to 0 degree in 10.16 seconds. The purpose of this 
command was to maneuver the vehicle away from the tower to assure tower clear- 
- ance in all wind conditions. 
The second guidance command was a roll command of 18 degrees that occurred 
at 11.06 seconds. This maneuver properly orients the vehicle along the 
desired launch azimuth and was completed by 31.99 seconds. 


11.3.1 Liftoff Clearances 


Vehicle clearances of mobile launcher structure were at least 85 percent of 
that available. Positive clearances resulted from a favorable combination 
of ground wind and vehicle system misalignments. The ground wind direction 
was /0 degrees east of north, and the magnitude was approximately half the 
design wind. The combination of offset C.G., thrust unbalance, and thrust 
misalignment in yaw cancelled the yaw moment from center engine cant. 


Table Il-] compares the vehicle misalignments measured during flight with 
preflight measurements. The center engine cant calculated from flight data 
ts 45 percent smaller than that predicted. The apparent thrust misalignment 
in yaw 7S equal to the 3 sigma value and opposes the center engine cant. As 
discussed below both soft release forces and the thrust-to-weight ratio are 
higher than anticipated. The launch ground wind is assumed to have a steady 
State magnitude of 8.U m/s (26.2 ft/s).An assumed gust brings the peak to 
fico M/s (37.7 Tes). 


Vertical motion at liftoff is shown in Figure 11-2. Although the thrust-to- 
weight ratio was higher than predicted, initial vertical acceleration was 
Tess. A higher-than anticipated soft release force with an average peak 
value of 391,000 Newtons per rod (87,900 Ib, per rod) is required to match 
the flight data observed by the liftoff cameras. Since the maximum values 
From the soft release rod force time histories are not available from the 
Flight test data, this value cannot be confirmed. 


Table 11-1. SA-501 Liftoff Misalignment 





PRELAUNCH MEASURED LAUNCH 
YAW ROLL PITCH 
Thrust Mis- £05130") 03 13() 
alignment 7 (**) 
(deg) 


ees, ee Center Engine -0.56 
i eee Cant (deg) 


Servo Amp Offset +0.035 
(deg/Engine) 


Rate Gyro Error +0;.03 


(deg/s) 


Platform System ~O.] 
Frrors (deg) 


Peak Soft Release 
Force (N/rod) 320 ,000 39] ,000 
(1b,/rod) (71,940) (87,900) 


Wind 95 Percentile Envelope 8 M/S, No Shear 


Thrust-to- 1.238 1.245 
Weight Ratio 


a ae (*) Thrust vector measurement uncertainity 


(**) A positive polarity was used to determine minimum fin tip/umb1lical 
tower clearance. A negative polarity was used to determine vehicle/ 
GSE clearances. 


This uncertainity is aggrevated by the momentary loss of liftoff data from 
measurement cameras due to a short term power failure. Ine indication of 
this trend is cause for concern. If substantially lower than predicted 
liftoff acceleration does exist, liftoff interference is a distinct possibi | 
on a future vehicle with substantially less ideal combinations of wind and 
system misalignments. The AS-502 soft release rods should be instrumented 
adequately to verify this conclusion. 
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Figure 11-2. Liftoff Vertical Motion 
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Motion of the S-IC thrust structure and of the S-IC air scoop at position I 
is shown in Figure 11-3. Camera data is compared to simulated and maximum 
predicted clearance. Loss of camera power at liftoff caused the gap in 
camera data. The actual trajectory from camera data and the simulated 
trajectory both show nearly vertical motion of the vehicle with a maximum 
lateral drift of less than 2.5 centimeters (1.0 in.) after 56 centimeters 
(22 in.) of the vertical rise. | 


Clearance between the thrust structure and the protective hood at position I 
is presented in Figure 11-4. Only a simulated trajectory is available for 
this clearance. This trajectory shows very little horizontal motion, less 
than 2.5 centimeters (1.0 in.) in a 178 centimeter (70 in.) rise. Motion 
camera data showed the thrust structure was well above the hood before it 
closed. 


Clearance between engine bell No. 4 and the holddown post at position I is 
shown in Figure 11-5. Only a simulated trajectory 1s shown for this clear- 
ance as camera data is not available. The simulated trajectory indicates a 
nearly vertical motion of the engine bell, traversing less than 5.1 centi- 
meters (2.0 in.) horizontally after 610 centimeters (240 in.) of vertical 
rise. Motion picture camera monitoring GSE operation confirmed this 
conclusion. 


Clearance between the tower and the S-IC fin tip is shown in Figure I1-6. 
Flight data was taken from a tower clearance camera located 426.7 meters 
(1400 ft) due west of the mobile launcher. The combination of wind blowing 
away from the tower and the yaw bias resulted in a clearance of 16.5 meters 
(54.1 ft) between the vehicle and the top of the tower. A summary of liftof 
clearances is given in Table 11-2. 


The exhaust plume angle of each of the five S-IC stage engines and the tra- 
jectory of the center engine gimbal are given in Figure 11-7. Translation 
is positive north and east. The exhaust plume angle is the angle the plume 
makes with the vertical at the engine gimbal point and is positive north and 
east. 


11.3.2 S-IC Flight Dynamics 


Time histories of conditioned vehicle attitudes compared to guidance system 
commands are shown in Figure 11-8. Time histories of conditioned dynamic 
measurements are compared with simulated results in Figures 11-9 through 
11-18. 


Measured and simulated vehicle attitude are shown in Figure 11-8. The yaw 
transient during liftoff is due to the programmed yaw maneuver which is in- 
tended to move the vehicle away from the LUT. The negative response at TEGO 
results from removal of the center engine cant. A similar effect in pitch 
+c not observable because of the compressed scale. The roll attitude oon 
illustrates the 18 degree roll maneuver that orients the vehicle pitch plane 
with the 72 degree launch azimuth. 
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Pil 


Table 11-2. Summary of Liftoff Clearances 


POTENTIAL INTERFERENCE 


VEHICLE GROUND AVAILABLE PREDICTED ACTUAL 
EQUIPMENT CLEARANCE MINIMUM CLEARANCES 
cm CLEARANCE cm 
i cm (ins) 


(in. ) 





Thrust Structure Holddown Post 715 


1.0 6.9 
(3.05) (0.4) (2sf) 
Thrust Structure Holddown Post 
Hood 25.40 7.6 2441 
(10.00) (3.0) (9.5) 
Airscoops Soft Release 
Bracket 11.9 0.3 10.9 
(4.70) (0.1) (4.3) 
Thrust Struc- Liftotf 
turn Insulation Switches Variable i 12.7 
05.0) 
Airscoops Tail Service 
Mast Variable leaf as 
(5.0) 
Engine Bell Holddown Post 96.52 229 94.0 
(38.00) (1.0) (37.0) 
service Module SM Swing Arm Variable 101.6 a 
(40.0) 
S-IVB Stage S-IVB Forward 
Swing Arm Variable 101 <6 an 
(40.0) 
S-I1I/S-IVB S-IVB Aft 
Interstage Swing Arm Variable hele =e 
(7.0) 
S-II Stage S-II Forward 
Swing Arm Variable 116.8 ahd 
20} 
S-II Staqe S-II Intermed- 
: tate Swing Arm Variable 116.8 a 
(46.0) 
Fin Tip S-IVB Aft 
‘ Swing Arm Variable 609.6 1117.6 
(240.0) (440.0) 


* Switch rolls off striker plate 


** Camera data indicates clearance - no quantitative data available 
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Figure 11-8. 
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Figure 11-10. 
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Figure 11-13. 


Free Stream Angle-of-Attack During S-IC Burn 
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Figure 11-14. 


Normal Acceleration During S-IC Powered Flight 
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Figure 11-15. 
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The yaw maneuver is implemented as a cross range command in navigation coor- 
dinates. The initial -18 degree roll attitude causes a pitch transient from 
the yaw maneuver. All other pitch dynamics, as shown in Figure 11-9, result 
from indicated pitch plane disturbances. The large peak at 80 seconds is due 
to a change in slope of the tilt program. Deviations between Simulated and 
measured dynamics beyond 114 seconds result primarily from wind uncertainties. 


Since the actual wind is primarily a tail wind, major dynamics in the yaw 
plane, as shown in Figure 11-10, result from the yaw maneuver and the re- 
moval of the center engine cant moment at IECO. 


Major roll dynamics, as shown in Figure I1-Il, result from the rol] maneuver 
from -18 to zero degrees roll attitude. The small transient following first 
motion results from the vehicle correcting an initial roll attitude error of 
-0.18 degree. Transients occurring between 40 and 70 seconds are attributed 
to roll aerodynamics which become prominent in the region of Mach |. The 
apparent bias of the measured engine deflection and roll error can be attri- 
buted to a combination of center-of-gravity offset, roll engine misalignment, 
and thrust unbalance. Power spectral density analysis of the measured data 
reveals predominant frequencies of 0.3 and 0.9 hertz. These frequencies 
correspond closely to the roll control frequencies. 


The launch (T=0) wind, as shown in Figure 11-12, was essentially a tailwind 
with a peak magnitude of 26.5 m/s (86.9 ft/s), at 74 seconds, in the max imum 
dynamic pressure region. The pitch tilt program was biased for a tailwind 
having a peak magnitude of 42 m/s (137.9 ft/s) at approximately 79 seconds. 
Pitch and yaw plane components of the flight wind velocity, determined from 
T=0 Jimsphere data, are shown. Wind is also determined by analysis using 
Q-Ball measured pitch and yaw angle-of-attack, post flight trajectory data, 
and other vehicle data. Pitch plane wind velocity plot is cut off at 40 m/s 
(131.2 ft/s) because of the lack of confidence in high altitude Q-Ball wind 
calculations beyond that point. 


Pitch, yaw and total free-stream angle-of-attack are shown in Figure 11-13. 
Measured angle-of-attack is derived from the Q-Ball. Pitch and yaw delta 
pressure components are direct measurements whereas the total is calculated 
on board the vehicle. A breakdown in the calculation of total delta pres- 
sure appears to account for the divergence beginning at 110 seconds. Peak 
total angle-of-attack in the maximum dynamic pressure region reaches only 
1.96 degrees. This demonstrates the effectiveness of the wind biased tra- 
jectory. Simulated angle-of-attack is derived from an analysis program 
using the T=0 Jimsphere wind. 


Normal accelerations of the vehicle center of gravity are shown in Figure 
11-14. 


Frequencies of predominant propellant slosh modes are shown in Figure 11-19. 
Frequencies are derived from probe data. 
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Propellant slosh amplitudes in the S-IC tanks are shown in Figure 11-16. 
Peak-to-peak wave heights are derived from opposing paris of liquid level 
probes in the pitch and yaw planes. Figure 11-17 shows peak-to~peak pro- 
pellant surface angles in the S-II tanks. These angles are in the plane of 
the probe and are not necessarily the maximum amplitudes since the orienta- 
tion of the sloshing motion is not known. The probes are located approxi- 
mately midway between the vehicle centerline and tank wall, at the liquid 
level assumed, and 35 degrees from position III towards position II. Ex- 
citation of slosh motion is at a level comparable to predicted values and 
appears to result from known disturbances. There is no evidence of slosh 
instability. 


Peak-to-peak engine response to propellant slosh is shown in Figure 11-18. 
The response is derived by passing engine deflection time histories through 
bandpass filters, retrieving only slosh frequency components. Since the 
frequencies of significant slosh modes lie within a relatively narrow band, 
the engine responses shown are due to all tanks collectively. Peak respon- 
ses correspond to peak pitch and yaw responses shown in Figures 11-9 and 
11-10, respectively. The small actuator activity at slosh frequencies con- 
firms that slosh is adequately stabilized. 


Peak-to-peak engine response to first and second bending modes (not shown) 
was determined by passing engine deflection time histories through bandpass 
filters, retrieving only bending frequency components. Maximum engine re- 
Sponse to first bending was 0.05 degrees in pitch occurring at 12.0 seconds, 
and Q.3 degrees in yaw occurring at 1.5 seconds. Maximum engine response to 
second bending was 0.045 degrees in pitch occurring at 12.0 seconds and 
0,036 degrees in yaw occurring at 16.0 seconds. The evidence indicates that 
bending dynamics is adequately stabilized throughout flight. 


The maximum values of control parameters experienced during S-IC powered 
Flight are summarized in Table 11-3. The S-II dynamic conditions at S-IC/S-II 
Separation are given in Table 11-4. 


11.4 S-II CONTROL SYSTEM EVALUATION 


The S-II stage attitude control system performance was found to be satis- 
factory. Analysis of the magnitude of modal components in the engine de- 
flections revealed that vehicle bending and S-II propellant sloshing had 
negligible effect upon the control system performance. The maximum yaw and 
roll attitude errors and attitude rates following S-IC/S-II separation were 
attributed to separation disturbances and non-uniform J-2 engine thrust 
buildup. The largest pitch transient attitude error occurred following 
iterative guidance mode (IGM) initiation. Engine deflection angles recorded 
during flight indicate the pitch and yaw actuators followed commands from 
the flight control computer within specified limits. 
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Table 11-3. Maximum Control Parameters During S-IC Flight 


A A EP TT 7 


PARAMETER UNITS PLEGH Y AW ROLL CONSTRAIN 
Attitude Error deg lee 0.98 | ae ipeyes: 
Angular Rate deg/s -0,98 -0.5 145 10,0 
Engine Deflection deg 0.61 +-0.43 -0.044 5.16 
(Average) 

Angle-of-attack deg 1.48 1629 
(In Max-q Region) 
Normal Acceleration m/s¢ 0 0.568 1.60 
ae (i286). (5.25) 
Dynamic Pressure N/cmé 9 3.44 
(q) (1b, /in ) (4.99) 
qx Product N-deg/cmé 6.27 
(1b,-deg/in®) (9.09) weebor sum 


i A EE ET TT LS 


ar EP er a IT 


PARAMETER UNITS PITCH YAW ROLL 
Attitude Error deg -0,16 -0.56 -0,25 
Attitude Rate deg/s 0.19 0.1/7 -0./ 
Average Actuator deg 0.14 -Q,35 -0,03 
Position 


* Conditions at separation command, range time 151.43 seconds 


The rigid body, S-II LOX and LH, sloshing mode frequencies and the first and 
second bending mode frequencies are of interest from a control viewpoint. 
Flight control filters and gains were chosen to attenuate and/or phase shift 
certain modes in order to obtain acceptable control system performance. 


11.4.1 Attitude Control Dynamics and Stability 


Vehicle attitude angles in the pitch, yaw, and roll planes are compared to 
the command angles in Figure 11-19. The IGM was initiated at approximately 
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191 seconds. The principal vehicle transient during IGM operation occurred 
in the pitch plane. The pitch/yaw gain changes were at 212 seconds and 342 
seconds. Maximum control parameters during S-II stage powered flight are 
Summarized in Table 11-9. 


Steady state attitude errors prior to guidance initiation were less than 
0.12, 0.06 and 1.3 degrees for the pitch, yaw and roll axes, respectively. 
Measured and simulated attitude errors in pitch, yaw and roll axes are shown 
in Figure 11-20. A constant moment of 60,000 N-m (44,254 lb.-ft) has been 
added to the roll axes in the analog simulation, Addition of this moment 15s 
sufficient to account for the 1.3 degree roll error. Measured and simulated 
attitude rates in the pitch, yaw and roll axes are shown in Figure Il-cl. 
Average telemetered engine gimbal angles in pitch, yaw and roll were modified 
by adding corrections for engine thrust misalianments, and thrust structure 
compliance effects as determined from static firing tests as shown in Figure 
]1-22, 


Maximum gimbal angles of -0.08, -0.7, and -0.7 degrees occurred at 1954. 154 
and 155 seconds for the pitch, yaw and roll axes, respectively. 


Maximum engine gimbaling capabilities are approximately / degrees inboard 
and 6 degrees outboard, measured in the pitch-yaw axes. Ine attitude control 
responses indicate that the S-II stage performed satisfactorily throughout 
flight. 


11.4.2 Liquid Propellant Dynamics and Their Effects on Flight Control 


The LOX and LH, slosh amplitudes during the S-II flight were obtained by re- 
construction téchniques on the fine mass probe measurements as shown in 
Figure 11-23. The "saw-tooth" characteristics of the fine mass probes 
during S-II flight were filtered. The amplitude plots show periodic biasing 
(non sinusoidal) which should be ignored. The data shown do not reflect 
hydrodynamic attenuation. Analog simulation of the flight also indicated 
sloshing of the liquid propellants. 


Slosh frequencies based on data from the fine mass probe measurement for the 
S-II stage LOX and LH» propellant tanks were determined using power spectral 
density techniques as shown in Figure 11-24. Measured LH frequencies showec 
good agreement with the theoretical slsoh frequencies, but the agreement 
between observed LOX frequencies and theoretical values was not as good. The 
observed LOX frequencies were in the range of 0.5 to 0.6 hertz as compared 
to theoretical values ranging from 0.2 to 0.4 hertz. These higher frequencieé 
also occurred in the S-II pitch and yaw gyros. The theoretical S-IVB slosh 
frequencies are shown in Figure 11-24, S-IVB sloshing was not discernible 
during the S-II flight. 


The presence of periodic slushing modes in the engine deflections were analy: 


using bandpass filtering as shown in Figure 11-25. The maximum deflections 
were less than 0.07 and 0.05 degrees in pitch, and yaw, respectively. 
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Table 11-5. Maximum Control Parameters During S-II Stage Powered Flight 


PARAMETER 9-IC/S$-1] GUIDANCE THRUST TERMINATE S-I] 


SEPARATION INITIATION CUTBACK ARTIFICIAL TAU CUTOFF 
Pitch Attitude -0.3 -1.8 0.7 0.9 0.4 
Error (deg) 
Yaw Attitude -0.6 0.3 -0,1 -0,1 -0,] 
Error (deg) 
Roll Attitude -2.0 135 1.5 1.4 Ta 
Error (deq) 
Pitch Rate 0.3 Wee -0,2 0.3 -0.2 
(deg/s) 
Yaw Rate aie: -0,] -0,] -0.2 -0,1] 
(deg/s) 
Roll Rate uo -0.2 ~0,5 «O.2 ~0.2 
(deg/s) 
Pitch Activator 0.4 -0.8 0.1] OZ 0.1] 


Position (deg) 


Yaw Activator -Q./7 0.2 0.1] -O.] -0.1 
Position (deg) 


Roll Activator -O./ 0.2 Oz Viz 0.2 
Position (deg) 


The J-2 engine deflection were analyzed for the presence of bending mode 
components. The deflection measurement data from engine No. 1 were 
filtered and analyzed by a spectrum analysis program. The results indicate 
negligible engine deflection due to bending of the vehicle. 


11.5 S-IVB CONTROL SYSTEM EVALUATION 


The S-IVB Thrust Vector Control System (TVC) and APS provided satisfactory 
pitch, yaw and roll control during S-IVB first and second burns and through- 
out the parking and waiting orbits. The vehicle attitudes correlated well 
with actual commanded attitudes during each burn. Demands on the control 
system were well within the capabilities of the system. 
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Attitude Errors During S-II Powered Flight 


Figure 11-20. 
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Figure 11-23. LHo and LOX Slosh Amplitudes During S-II Flight 
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11.5.1 Control System Evaluation During First Burn 


Attitude errors, angular velocities, and engine actuator positions during 
first burn are presented in Figures 11-26 through 11-28, respectively. 
Commanded and actual pitch and yaw attitudes during first burn are presented 
in Figures 11-29 and 11-30, respectively. The agreement between the actuato 
positions computed from the control equation and the actual actuator positior 
indicates that the steady state control gains were close to their design 
values. Maximum pitch, yaw and roll errors during first burn were +2.2, 
-0.9 and +l.2 degrees, respectively. The +1.2 degree roll attitude error 
existed at S-II cutoff and was removed following S-II/S-IVB separation. 
Maximum control system parameters are presented in Table I1-6. 


APS firings for roll control are indicated at the bottom of Figure 11-26. 
Impulse delivered for roll control during first burn was 1085.4 N-s (244.0 
Ibe-s) from the module at position I and 1184.1 N-s (266.2 lbe-s) from the 


module at position III. The difference in impulse is attributed to 
apparent low performance for engines Iy] and Iyy in the module at 
position I. This roll control was required to correct for the roll] 
induced disturbances during S-II/S-IVB separation, guidance initiation, 
and a 17.6 N-m (13.0 Ib,-ft) steady state roll torque. 


During first burn, following S-II/S-IVB separation, sloshing was excited 

but was quickly damped due to the high damping afforded by the LH, tank 
baffle and deflector and the LOX tank baffle. Slosh amplitudes were very 
small throughout the remainder of first burn, therefore, no measurable LH, 
slosh frequencies were obtained. LOX frequency data were obtained during 
first burn indicating that LOX sloshing occurred between the predicted first 
and second mode natural frequencies. 


LOX and LH» slosh amplitudes observed on the PU probe fine mass data during 
first burn were well damped due to the deflector and baffle in the LH» tank 
and a baffle in the LOX tank. 


11.5.2 Control System Evaluation During Parking Orbit 


APS engine firing data in conjunction with commanded and actual vehicle 
attitudes indicate that attitude control during parking orbit was normal. 
Commanded and actual vehicle attitudes following first S-IVB cutoff, and 
during the restart orientation are shown in Figures 11-31 and 11-32. The 
actual vehicle attitude is seen to follow the commanded attitude very well. 
APS propellant usage during parking orbit was lower than expected. 


Temperature sensor data in the LH, tank indicated that a slosh wave similar 
to that experienced on AS-203 existed following S-IVB first cutoff. Indi- 
cations of the presence of this wave were apparent in the pitch plane 
approximately 40 seconds after cutoff. This wave covered the sensors to the 
deflector (vehicle station 80.031m [3150.9 in]) but appeared to subside 

as the sensors were dry approximately 20 seconds after being wetted. 
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Table 11-6. Maximum Values of Critical Flight 
Control Parameters-First Burn 


*S-IVB/S-II 
SEPARATION 
AND GUIDANCE CHE (LP EDE CHI J-2 
PARAMETER INITIATION GUID. MODE FREEZE CUTOFF 
Pitch Attitude 42.2 Oy +0.5 +0.5 
Error -(tieg) 
Yaw Attitude -0,83 -0,68 -0,/ -0.,05 
Error (deg) 
Roll Attitude 1.4 Ped 7 +0./ +0,/ 
Error deg) 
Pitch Rate -1.4 -0,15 0.0 -Q,25 
(deg/s) 
Yaw Rate +029 0.0 0.0 0.0 
(deg/s) 
Roll Rate =055 0.0 0.0 0.0 
(dea/s) 
Pitch Actuator +#1,13 +0, 46 ao eee, +035 
Position (deg) 
Yaw Actuator -0,9] -0.8 -0.8 -0.8 


Position (deg) 


* Includes effects of artificial tau guidance mode 





During parking orbit temperature patches on the tank wall indicated that 

the liquid level varied between vehicle station /8.634 m (3095.9 in.) and 
80.03] m (3150.9 in.) (the LH» surface level at first cutoff was at approxi - 
mately vehicle station 78.050 m [3072.9 in.]). However, the sensors on the 
instrumentation probe during this same time period indicated a higher liquid 
level. The probe sensor data indicated that during parking orbit the LH. 
surface level was above station 79,904 m (3145.9 in.). 


For the entire parking orbit period, the data from sensors on the instru- 
mentation probe always indicated liquid where as the wall temperature patche 
near the same station level indicated vapor. Therefore, an apparent differ- 
ence exists when comparing data obtained from the wall patches and probe 
sensors. 
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Figure 11-31. Vehicle Attitude Following S-IVB First Burn Cutoff 
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Figure 11-32. Vehicle Attitude During Restart Orientation Maneuver 
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At initiation of the restart maneuver, the ullage engines were ignited, the 
LHa continuous vent valve closed, and the LHy tank repressurization initiated. 
Immediately following these events, the APS engines were fired in order to 
align the vehicle in both pitch and yaw to the proper attitude for J-2 re- 
ignition. During these attitude maneuvers, the sensors on the instrumen- 
tation probe indicated LH» slosh activity above the deflector, The exact 
contribution of the attitude maneuver to propellant slosh activity and the 
attendant ullage pressure collapse problem is being investigated. Pre- 
liminary investigation indicates that the relatively high propellant sur- 
face level prior to restart coupled with the attitude restart maneuver could 
cause the LH. Slosh as experienced by the sensors in the LH> tank forward 
dome area. | 


11.5.3 Control System Evaluation During Second Burn 


Attitudes errors, angular velocities, and engine actuator positions during 
second burn are presented in Figures 11-33 through 11-35. Commanded and actual 
pitch and yaw attitudes during second burn are presented in Figure 11-36. 

The agreement between the actuator positions computed from the control equation 
and actual actuator positions indicates that the steady state control gains 
were close to their design values, Maximum pitch, yaw and roll errors during 
second burn were +2.0, -2.4 and +2.3 degrees, respectively. During second 
burn, control system transients were experienced between 11,570 seconds and 
11,630 seconds as a result of the relatively large steering commands issued 

by the guidance system (see Figure 11-33). These control system transients 
appeared normal in response to the guidance commands. The maximum engine 
deflection during this time interval was approximately one degree. Maximum 
control system parameters for second burn are presented in Table 11-7. 


APS firings for roll control are indicated at the bottom of Figure 11-33, 
Impulse delivered for roll control during second burn was 1118.3 N-s (251.4 
Ibe-s) and 1335.8 N-s (300.3 Ibe-s) for the module at position I and the 
module at position III, respectively. Again, as in first burn, the difference 
in the impulse is attributed to apparent low engine performance. During 
second burn there was a steady state roll torque of 17.6 N-m (13,0 Ibe-ft). 


During second burn good LOX and LH, frequency data were obtained since 
relatively high amplitude sloshing occurred. LH» sloshing occurred primarily 
near to the predicted LH» first mode natural frequency. LOX sloshing, 
Similar to first burn, occurred between the predicted first and second mode 
LOX natural frequencies, The observed LOX sloshing frequency as shown in 
Figure 11-37 was very near the LOX first mode closed loop resonant frequency 
which liex between the first and second mode natural frequency. The control 
System and vehicle dynamics cause the first mode LOX closed loop resonant 
frequency to increase significantly above the first mode natural frequency. 


11-45 








Uung puodes gAI-S Bulung sbululy euLbuq 
warzsks uotstndoug AueL_Lxny pue woudg epnziiiy E€-Ll aunbey 














SGNOD3S “3WIL SONY 


Ope*LL OOBTIL OOZSLL OZZTLL O89SLL O9TLL OO9TLL O9STIL O2S*LL O8PTLL Ovb'Lt 
ear wz = aor EE p- 


(uvad WOUS GIM3IA MO +) 


bap 


) 


“sOUNT JONLILLY MYA Beap*uouNgs Janlidiv Woy INTONG SdV 


(1HOIY 3SON + 


(dN 3SON +) Bap 
HOMNF IGNLILLW HOLId 


6 


ONVWWOD 44d0LND ANTONG 
43Z45u4 HI 

JGOW JONVOIND SQL IHD 
AVL WIDTSTLYV GNA 


WIVGLNI LSNYHL 

NWL WIDTSILYVY 40 NOTIVILINI 
NOTIVILINE JONVOIAS 

GNVWWOD LYVLS SNTONG 


LO wom 0O 
m~— OF Mo 


11-46 


UAng puoses Hbulung salzLoojaq uetnBuy Vve-Ll sunbry 


SGNOO3S * 3WIL JONVY 
Ove‘ tt | 09‘ LL 089° LI 009° LI est tt = Ory Lt 


(YV3Y WOUS GSMIIA MD +) 
oas/5ap “31VY YVINONY 110¥ 


é 


11-47 


(LHDIY ISON +) 2as/bap 
“JLVY UV INONY MYA 





C> 
(dN JSON +))9as/bap 
“JLVY YVYINONY HOLId 


AOVELAD LSNYHL 

AVL WIDTSILYY 40 NOILVILINI 
NOILVILINI SONVGING 

CNVWWOD LYVIS INIONI 


GNVAWWOD 340LN2 ANION 
Bae) stale Os 2) 

JGQW JINVGINS 3Q7IL FHI 
AVL WIQTSTLYY ON3 


Li LO Mm oO 
m— NICO o> 





Uung puosas Bulung suoLzLsog uozenqoy MeA pue YOItd GAI-S Ge-Ll aunbr oe 


SGNODSS *3WIL JONVY 





OVe.LL OOSSiL O9ZSLL O2Z*LL O89°Lt OZS°LL O8bSLL ObboLL | 
_ _ : aE cn 
nie < 
min 2 
1m 
Bes 
Oe <= 
maT CO 
mm om a 
ar oy (a a | 
= ane 
ea 
— 
ane 
mm = 
moe 
= So Mm 
AZZ 
= 


GNVWWOD 440LND ANIONS '8 v 
4Z55us THD *L AVL WIDTSILYV 30 NOILVILINI € 

9 C 

S L 


AOVGLND LSAYHL — 


AQQ0W SONVOIND AdTIL THD | 
iwi, Wlotsiddy: GNa | 


NOILVILINI SONVCIND © 
GNVYWWOD LuVLlS SNISNS © 


ee ~40) ) , Reece ene 
ee ENGINE START THRUST AT REFERENCE MIXTURE RATIO 
eee ~ INITIATE GUIDANCE CHI TILDE GUIDANCE 
INITIATE ARTIFICIAL TAU CHI FREEZE 
COMPLETE ARTIFICIAL TAU ENGINE CUTOFF 


RATE LIMITED | OEG/SEC 


@ ACTUATOR TRANSIENTS EXPERIENCED } 
AT THESE TIMES 
| © ACTUAL VEHICLE ATTITUDE 
— ~ SIMULATION 


~120 





PITCH COMMAND AND PITCH ATTITUOE, deg 
4 
3 


oe ee -140 INCREASE IN LOX AND 
ee LH, SLOSH ACTIVITY 





11,480 11,630 1] ,680 11,730 
RANGE TIME, SECONDS. 


ENGINE START § THRUST AT REFERENCE MIXTURE RATIO } 
INITIATE GUIDANCE 6 CHI TILDE GUIDANCE | 
INITIATE ARTIFICIAL TAU 7 CHI FREEZE 

COMPLETE ARTIFICIAL TAU 8 ENGINE CUTOFF 


@ ACTUATOR TRANSIENTS EXPERIENCED 
AT THESE TIMES 


© ACTUAL VEHICLE ATTITUDE 
awe §=YAN COMMAND 


YAW COMMAND AND YAW ATTITUDE, deg 





~50 cn fn fon o£ ; : ae. i — ~. _— 2 
17,480 11,530 11,680 11,730 11,830 1} ,880 11,930 
RANGE TIME , SECONDS 


Figure 11-36. Vehicle Attitude During S-IVB Second Burn 
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Figure 11-37. S-IVB Slosh Heights During Second Burn 
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HEIGHT AT PROBE, in. 


Table 11-7. Maximum Values of Critical Flight 
Control Parameters-Second Burn 





Eo 
AND GUIDANCE ARTIFICIAL CHI TILDE CHI J-2 


PARAMETER INITIATION TAU MODE GUID, MODE FREEZE CUTOFF 


Pitch Attitude 





Error (deg) 1,44 2.1 156 1.06 =15:5 
Yaw Attitude 
Error (deg) -2.2 -2.4 -1./7 -0.9 0.7 
Roll Attitude 
oo Error (deg) IQS 25 -1.45 0.7 0.9 
Pitch Rate 
(deq/s) 1.4 ius fee 1.1 -0.5 
na Yaw Rate 
| (deg/s) 1.1 1.4 OF - 0.0 0.3 
Roll Rate 
(deg/s) =0..35 -0.4 0.45 0.45 -0.15 


Pitch Actuator 
Position (deg) 0.82 0.89 0.63 0.92 -0.8 


Yaw Actuator 
Position (deg) -1.6 -1.52 -1.3 -1,0 -0,95 


This occurred only with the first mode LOX slosh frequency due to the location 
and magnitude of the slosh mass. All other slosh closed loop resonant fre- 
quencies are very close to the slosh natural frequencies. Therefore, it 
appears that the first mode LOX sloshing frequency was as expected. However, 
the PU LOX mass sensor is sensitive to second mode LOX sloshing due to its 
location; thus it is possible that a combination of first and second mode 

LOX sloshing occurred. 


During second burn LOX slosh amplitudes (see Figure 11-37) appeared to in- 
crease immediately following the change in guidance commands and vehicle 
attitude at 11,570 seconds. The maximum slosh amplitude at the probe was 
approximately 3.05 cesicimeters (1.2 in.). These increased slosh amplitudes 
were sustained throughout the remainder of second burn primarily because the 
propellant surface was below the LOX baffle and limited damping was available. 
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11.5.4 Control System Evaluation During Waiting Orbit 


APS engine firing data in conjunction with commanded and actual vehicle 
attitude data indicates that attitude control during waiting orbit was 
normal. Commanded and actual vehicle attitudes following second S-IVB cut- 
off, maneuver to spacecraft separation attitude, and alignment to Ascension 
Island are presented in Figures 11-38 and 11-39. APS propellant usage for 
attitude control during both parking and waiting orbits (excluding ullaging 
requirements) to loss of data (approximately 25,000 seconds) was 36.4 kg 
(80.0 Ibm) for module at position I and 38.2 kg (84.0 Ibm) for module at 
position III. This propellant usage was lower than expected for attitude 
control. The lower than expected usage may be attributed to lower than 
predicted propellant sloshing during orbit. APS usage for attitude control 
is being investigated further. APS impulse requirements for significant 
events are summarized in Table 11-8. 


11.6 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 


11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analysis 


The analysis of the Control-EDS Rate Gyros/Control Signal Proce sor indicates 


that the performance of this combination was nominal. The maximum response 
of the rate gyros to vibration and acoustics occurred between -2.0 to +20 
seconds and +55 to +80 seconds. The maximum range at +8.5 seconds was 

8 deg/sec peak-to-peak in roll at a frequency of 21 hertz. A second sample 
at +60 seconds was 10.4 deg/sec peak-to-peak in roll again at 21 hertz. 

The 21 hertz values are modulated at a frequency of 1 to 3 hertz. The rate 
switch filters at these sample points reduced these values to less than 

3 deg/sec peak-to-peak performing as designed. The maximum response to 
vibration was in the roll plane with reduced response in the pitch plane 
and practically no response in the yaw plane. These values were eliminated 


by filters in the FCC and did not have any effect on the control parameters. 


Vehicle angular rates developed and angles commanded at Significant events 
are tabulated in Table 11-9 and are within the predicted variations. The 
highest rates detected occurred at 58 seconds, about the pitch and roll 
axes and reached maximum amplitudes of -1.5 and +2.2 deg/sec in pitch and 
roll, respectively. These rates were -2.5 and -3.75 deg/sec about the 
pitch and roll axes, respectively, in S-IU-202. 


No valid overrate conditions were observed during S-IC or S-II stage burns. 
However, before the analysis can be completed, additional data is required. 


11.6.2 Flight Control Computer Performance 
The performance of the FCC was as expected during S-IC, S-II and S-IVB 
stage flights. Analyses of the angular velocity and attitude error signals 


indicated that these signals, as telemetered from the FCC, were similar to 
the same signals telemetered from the originating components. 
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Figure! 11-38 Vehicle Attitude Prior to Spacecraft Separation 
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Figure 11.39 Vehicle Attitude Following Spacecraft Separation 
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Table 11-9. 


Vehicle Angular Rates Developed and Angles 


Commanded at Significant Events 


Event 


Tower Clearance 


Roll and Pitch Program 


Mach | 

Max Q) 

LECO 

OECO 

S-1C/S-II Separation 
S-II Ignition 
Initiate IGM 

Second Phase IGM 
S-If ECO 

S-1I/S-IVB Separation 
S-IVB Ignition 

Third Phase IGM 
S-LVB: First: ECO. 
S-IVB Re-Ignition 
Fourth Phase IGM 
Fifth Phase IGM 


S-IVB Second ECO 


RATE 


(deg/sec) 


1,0 
0.5 
-0.5 


ANGLE 
(deg) 


Os5 
0.5 
Oi 


Yaw 
RATE ANGLE 
(deg/sec} (deg) 
1.0 a6 
-0.5 1.0 
-0.15 Null] 
0.1 0.2 
-0.26 “Null 
0.1 -0.6 
0.3 -1) 6 
0.4 -0.5 
-0.08 Null 
0.05 Null} 
-O.) -Q.] 
0.24 -0.6 
0.24 -0.6 
0.24 
Nul 1 
Nu] 
1.0 
-0.9 
0.25 
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RATE 
(dey/sec) 


Null 


Null 


ANGLE 
(deg) 


Nul1 








11.6.3 Gimbal Actuators Analysis 


The maximum delta I currents for S-IC, S-II, and S-IVB Stage first burn 

were -/.0, -6.0, +6.0 milliampheres, respectively, and each occurred in 

pitch actuators. These values represent approximately 13 percent of the 
capabilities of the 50 milliampheres servo amplifiers. 
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SECTION, 12 
SEPARATION 


12.1 SUMMARY 


S-IC retro motor performance was satisfactory. S-IC/S-II Separation and 
associated sequencing was accomplished as planned. subsequent S-IC dynamics 
provided adequate positive clearance between the stages following separation. 
Performance of the S-II stage during S-IC/S-II separation was nominal with 

no anomalies noted. The S-II ullage motors functioned as predicted within 
the required limits. Photographic coverage provided evidence that S-II 
second plane separation was satisfactory. 


The four retro motors mounted on the S-II Stage performed satisfactorily in 
separating the S-II and S-IVB stages. All performance parameters were close 
to nominal. S-IVB ullage motor performance was satisfactory. Separation 

of the S-IVB stage from the S-II stage was accomplished Satisfactorily with- 
in’ the desired time period. 


S-IVB attitude control was normal during S-IVB Spacecraft separation. 


A summary of separation events and times of occurrence is given in Table 
eared 


12.2 S-IC/S-II SEPARATION EVALUATION 


Performance of the S-IC/S-II separation system was satisfactory with no ano- 
malies noted. The S-IC/S-II Stage switch selectors which sequence the separ- 
ation system responded correctly to the Signals from the Instrumentation 
Unit. The switch selector output (28-VDC pulses) actuated the appropriate 
circuitry in the separation system to control the Exploding Bridgewire (EBW) 
firing units arm and trigger circuits. All EBW Firing units responded 
correctly. 


12.2.1 S-IC Retro Motor Performance 


The S-IC retro motor performance was Satisfactory. The ignition signal to 
the retro motors occurred at 151.48 seconds. The average effective retro 
motor temperature was determined to be approximately 288.5°K (60°F) based on 
the observed effective burn times. The effective impulse, average effective 
thrust, and associated 3 sigma limits were dependent on the retro motor 
temperature. The limits and nominal values shown in Table 12-2 reflect this 
dependency. 
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Fin A - 
Fin B - 
Fin B - 
Fin C - 
Fin C - 
Fin D - 
Fin D - 


Average 


Nominal 288.5°K (60°F) 
Rocket 


Table 12-2. 


RETRO MOTOR 





puattial I 
Position II* 
POS tion: Ji** 
Position III 
Position III 
Position IV 
Position IV 


Position I 


-30 Limit 288.5°K (60°F) 


Rocket 


+30 Limit 288.5°K (60°F) 


Rocket 


* Lowest Maximum Thrust 
** Highest Maximum Thrust 


QO. 


0; 


Q 


EFFECTIVE 
BURN TIME, 
SECONDS 


603 


.677 


S-IC Retro Motors System Performance 


PARAMETER 
TOTAL EFFECTIVE AVERAGE 
IMPULSE IMPULSE, EFFECTIVE 
N-SECONDS N-SECONDS THRUST, N 
tb¢-SECONDS Tb ¢-SECONDS lb¢ 
296 ,002 264 ,963 410,922 
66 543.9 59,566. 1 92 ,378.9 
281,314 £55733 396,728 
63,241.9 97,491.) 89,188.0 
302 , 386 267,578 429.017 
67,979.1 60,153.9 96 ,446.9 
287 ,982 261,013 © 409 ,685 
64 ,740.9 58,678. | 921009 
284 553 258 931 400 ,633 
63,970.1 58,210.90 90 ,065.9 
290 ,242 260 ,034 407 ,893 
65,249 .0 98,458 ,0 2 1..09850 
275,496 250,759 397,964 
61,934.0 96 372.9 89,465 .9 
288 ,983 259,540 412,492 
64 ,966.0 98 , 346.9 9247319 
288 , 369 259,816 408 ,133 
64 827.9 58 ,409 .0 91,751 .9 
No Nominal 246 ,876 386,995 
or 3a 55 499.9 86 999.9 
limits given 
242 ,428 364,754 
54 ,500.0 82 ,000.0 
251,769 409 ,236 
96 ,599.9 91,9999 
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The data received from telemetry showed chamber pressures higher than expect- 
Mie Be Oe ed. Thiokol specifications predict a nominal chamber pressure of 
Dee ae 1137.6 N/cmé (1650 psia) for a 288.5°K ole grain temperature. Flight 
ee data, however, gave pressures from 1171 N/cmé (1700 psia) to 1274 N/cme 
a (1850 psia). 
Figure 12-1 shows thrust versus time for the motor with highest maximum 
thrust (retro motor No. 3) and for the motor with lowest maximum thrust (re- 
tro motor No. 2). The ballistic definitions used as a basis for the retro 
motor performance analysis are consistent with the model specificatian. 


As shown by Table 12-2 some of the ballistic parameters exceeded the 3 sigma 
maximum limits. This behavior is particularly evident for the effective 
impulse, and is a consequence of the high chamber pressures received from 
telemetry. Investigation into transducer and system accuracy has thus far 
disclosed no reason for the chamber pressure magnitude. 





From a performance standpoint there is no concern that the pressures were 
higher than expected. With the exception of the apparently high combustion 
pressures, the retro motors functioned normally and provided a successful 
S-IC/S-II stage separation. From a design standpoint both the retro motors 
and stage attachment hardware are structurally adequate to withstand higher 

thrust levels. However, since the combination of motor to motor performance 
deviation and estimated telemetry measurement system error does not seem to 
account for the observed performance levels, further investigation is in 
order, and will be conducted to attempt to resolve this discrepancy. In- 
itial investigation will center on the retro motor chamber pressure trans - 
ducer. 


12.2.2 S-II Ullage Motor Performance 


The S-II ullage motors functioned as predicted within the required limits. 
Performance parameters of the eight ullage motors are summarized in Table 
12-3. Ullage motor ignition signal was given at 151.24 seconds. Ullage 
motor composite thrust-time curve is shown in Figure 12-2. A review of: the 
chamber pressures showed the motor-to-motor variation was within plus or 
minus 3.5 percent. This variation was extremely low considering that the 
motors used on the AS-501 flight were from three different manufacturing 
lots. 


12.2.3 S-IC/S-II Separation Dynamics 


The first plane separation was monitored by accelerometers and rate gyros on 
each of the two stages. Separation rate transducers (extensiometers) pro- 
vided relative separation rate and distance data. In addition, motion pic- 
ture film provided a visual indication of the clearance between the two sta- 
ges as they separated. For evaluation purposes, first plane separation dy- 
namics were calculated using a digital computer. These calculations were 
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Figure 12-1. S-IC Retro Motors Thrust 
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Burn Ti 
Maximum 
Thrust 


Average 
Time Ch 
Press 


Average 
Time Th 


Burn Ti 


Total Impulse 


EVENTS 


me* 


Burn 
acber 
ure 


Burn 
rust 


me 





Seconds 
Newtons 
Pounds 


N/em2 
psia 


Newtons 
Pounds 


N-s 
Ikf-s 


Table 12-3. 


u29T 
110,858 
24,922 
694. } 
1,006.8 


103 ,006 
23,157 
391,196 
87 ,945 


3.702 
113,807 
25 585 
700.0 
1,015.4 


103 ,883 
23,354 
384 ,618 
86 , 466 


S-II Ullage Motor Performance 





3.739 
109.972 
24,723 
678.7 
984.5 


100,725 
22 ,644 
376 ,264 
84 ,588 


2.736 
107 ,988 
24,277 
679.6 
985.7 


100 , 854 
22,673 
376 , 860 
84,722 


3445 
111,449 
25,055 
694.7 
] ,007.6 


103,087 
23.175 
367,193 
87 ,045 


3.705 
Lig¢2cd 
253493 
694.7 
1,000.7 


102,379 
23,016 
379 ,346 
85,281 


os7l¢ 
112,784 
25,355 
690.5 
1,001.5 


102,455 
23,033 
380 , 383 
85,514 


681.8 
989.0 


101,347 
22,748 
380 ,080 
85 ,446 


REQUIREMENTS AT 
294.4 °K (70 °F) 


MAX 


4.02 
115,504 
25,980 
741.1 
P0750 


404,737 
90 ,989 


MIN 


3.40 
100 ,618 
22,620 
620.5 
900.0 


341 ,799 
76 ,840 


*Time between 75% Start Transient Maximum Chamber Pressure and the Decrease to 75% of Maximum Chamber Pressure 
**Transducer Malfunction, Data Questionable 


based on flight data covering, initial trajectory conditions, thrust of the 
F-1 engines, retro and ullage motors, engine gimbal angles, and mass proper- 
ties. The results of these calculations are presented and compared with 
flight test data in Figures 12-3 through 12-5. 


Figure 12-3 shows relative velocity and longitudinal acceleration. The plot 
for relative velocity also shows the incremental velocities of the two 
separating stages. These are the changes in velocities from time of first 
motion. The relative translation of the two separating stages is shown in 
Figure 12-4. 


The point is also indicated where the S-IC stage clears the 0.41 meters 

(16 in.) of the J-2 engines extending beyond the separation plane. Very 
close agreement between the simulated results and the actual data is indica- 
ted in this figure. The minimum clearance was calculated to be |.31 meters 
(52.1 in.) between Engine No. 1 and the S-IC stage. 


Flight data for the S-II attitude errors in the three axes are given in 
Figure 12-5. S-IC pitch and yaw dynamics following separation are shown in 
Figure 12-6. Attitude deviations are derived by integrating the angular 
rate. The significant result is that the S-IC stage pitches nose up and to 
the right after separation. This motion can be attributed to the higher 
measured tail-off thrust of the number one and two F-1 engines. 


12.3  S-II SECOND PLANE SEPARATION DYNAMICS 








Photographic coverage provides the only means of adequately monitoring second 


However, the dynamics of the second 


plane separation (see Figure 12-7). 
These calculations utilized 


stage were calculated using a digital computer. 
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appropriate initial trajectory data, postflight mass characteristics, and 
J-2 engine plume data. The only flight data from film analysis available 
at the time of analysis were relative velocity and relative displacement. 
All other data were calculated results. 


The relative separation velocities between the two bodies are shown in 

Figure 12-8. The reduced data from the separation film were somewhat 
scattered but a smooth curve could be sketched through the data points. The 
corresponding velocities calculated by a digital program were found to be 
greater than flight data indicated. After reducing the electrical disconnect 
force used in the separation calculation, from the predicted 155 pounds to 
zero, the computed relative velocity falls very close to the average obtained 
from flight. Both sets of these calculations are shown in the figure. 


The clearance between the engines and the interstage was also calculated by 
computer and is shown for each engine in the figure. The figure shows the 
eee lateral clearance; i.e., the clearance projected in the Y-Z plane, versus 
oS the body station on the interstage at which the closest distance occurs. 
2 To get the clearance to the inside of the interstage ring, the ring depth is 
ee ae * subtracted. This results in a minimum clearance of 1.03 meters (41 in.). 


The axial separation distance versus time is also compared to the calculated 
(simulation) data. 


12.4 S-II/S-IVB SEPARATION EVALUATION 


Performance of the S-II/S-IVB separation system was satisfactory with no 
anomalies noted. The S-II/S-IVB stage selectors which sequence the separa- 
tion system responded correctly to the signals from the Instrumentation 
Unit. The switch selector output (28-VDC pulses) actuated the appropriate 
circuitry in the separation system to control the EBW firing units arm and 
trigger circuits. All firing units responded correctly. 


12.4.1 S-II Retro Motor Performance 


The four retro motors mounted on the S-II stage performed satisfactorily and 

separated the S-II stage from the S-IVB stage. Table 12-4 presents perform- 

ance parameters for the individual retro motors. All performance parameters 

were close to their nominal values. Thrust profiles for the retro motors are 
Shown in Figure 12-9. 


12.4.2 S-IVB Ullage Motor Performance 
Ullage motor performance was satisfactory. The ullage motor ignition com- 
mand was given at 520.44 seconds, with the jettison command at 532.53 


seconds. These times were very close to the predicted. Table 12-5 presents 
the individual rocket motor performance parameters. 
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PARAMETER SPECIFICATION LIMITS 


whl 288.9 TK (60 PF) 















Motor Number 3 4 MAX IMUM MINIMUM | 
Maximum Thrust N 185 ,660 186 ,065 189 ,877 193,364 193,142 152,129 | 
Ib¢ 41,738 41,829 42,686 43,470 43,420 34,200 | 
| 
Burn Time SeC 1.545 1.510 1.430 1.460 1.67 1.38 | 
Burn Time Total Impulse N-5 260,755 25457? 249 ,812 256 ,929 250 ,435 232,598 | 
Ibf-s 58,620 57,230 56,160 57,760 56,300 22.290 | 
Burn Time Average Thrust N 168,766 168,588 174,682 175,972 175,416 134,292 
Ib¢ 37,940 37,900 39,270 39,560. 39 435 30,190 
Burn Time Average Pressure N/em2. 1186.3 1193.0 1236.7 1232.6 1347) 114 
Ib¢/ine 1731.4 1730.3 1793.7 1787.7 1945 1615 








Table 12-5. S-IVB Ullage Motor Performance 


| MOTOR A MOTOR B NOMINAL PERFORMANCE 
PARAMETER UNIT (POS II (POS IIT. LIMITS 











20) | yy MAX IMUM MINIMUM 

Burn Time* (Sec) 3.86 3.87 4108 
Average Burn Time  (N/CM) 678 671  ~—- 758 614 
Chamber Pressure (PSIA) 984 977 1.100 990 
Maximum Thrust (N) 15,466 15,297 18,460 11,565 

(1b) 3,477 3,439 4,150 2,600 
Average Burn Time  (N) 15,186 15,017 16,841 13,745 
Tarust (1b) 3,414 3,376 3,786 3,090 
Burn Time Total (N-Sec) 58,628 58,112 60,451 55 ,603 
ESE (Ib-Sec) 13,180 13,064 13,590 12,500 


“The time interval between 10 percent of maximum chamber pressure during 
the start transient and 75 percent of maximum chamber pressure during the 
cutoff transient. 
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A comparison of these data with nominal performance limits indicates that 
both motors performed within design specifications. Figure 12-10 presents 
the thrust profiles during firing. 


12.4.3 S-II/S-IVB Separation Dynamics 


eS Separation of the S-IVB stage from the S-II stage was accomplished satis- 
ha roe factorily within the desired time period. S-II/S-IVB separation was init- 
te jiated at 520.528 seconds and first axial motion between the Stages occurred 
0.052 seconds later. Complete separation occurred when the S-IVB stage 
engine nozzle bell cleared the S-II stage separation plane. Complete 
separation was accomplished 1.044 seconds after the separation command. 


oe smal] S-II and S-IVB angular velocities and lateral accelerations utilized 

oo 4.83 cm (1.9 in.) of the available 2.11 meters (83 in.) of lateral clear- 
ance. The S-II pitch, yaw, and roll rates remained between 0.0 and -0.7 
deg/sec during separation, and the S-IVB rotational rates ranged between 
0.0 and -0.2 deg/sec between separation command and separation complete. 


The axial distance required for complete separation was 5.51 meters 

(217 in.). The lateral clearance available was 2.11 meters (83 in.) when 
the S-IVB engine was in the null position. From extensiometer and accel- 
eration data, the time of first axial motion and axial separation history 
was reconstructed as shown in Figure 12-1]. 


The longitudinal accelerations of the S-II and S-IVB stage are shown in 
Figure l2-12. The reconstructed acceleration histories were obtained from 
S-IIT and S-IVB accelerometer data. A time bias was applied to these accel- 
eration histories to compensate for the time lag inherent in the accelerom- 
eter data. Retro motor chamber pressure data was used to determine the 
time bias. 


The S-II and S-IVB stage angular velocities during separation are shown in 
Figure 12-13. Prior to first motion between the stages, the pitch, yaw, and 
roll rates were approximately zero. The S-II angular velocities during the 
separation interval never exceeded -0.7 deg/sec. The S-IVB angular veloci- 
ties remained small during the separation interval, never exceeding -0.2 
deg/sec. 


The S-IT and S-IVB lateral accelerations during separation are shown in 
Figure 12-14. These acceleration histories were obtained from the telem- 
etered accelerometer data. The S-IVB pitch lateral acceleration varied 
between plus and minus 8.2 cm/sé (0.27 ft/s2). The S-II lateral accel- 
eration during separation varied between -0.076 m/s¢ (-0.25 ft/s2) and 
-0.14 m/s2 {-0.45 ft/s¢) in the pitch plane; it varied between +0.046 m/s2 
(+0.15 ft/s) and -0.058 m/s@ (-0.19 ft/s*) in the yaw plane. Neither the 
ullage nor retro motor burns contributed noticeable rates during the 
separation sequence. Relative velocity between the S-IVB stage and S-II 
Stage 1s shown in Figure 12-15. 
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Figure 12-12. S-II/S-IVB Longitudinal Acceleration 
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12.5 S-IVB-IU/CSM SEPARATION EVALUATION 


S-IVB attitude errors and angular rates during the S-IVB-IU/spacecraft sepa- 
ration are presented in Figures 12-16 and 12-17. The maximum pitch, yaw, and 
roll attitude errors following spacecraft separation were 0.9, 0.7 and 0.7 
degrees, respectively. Maximum pitch, yaw, and roll rates were Ons Os: Ms 

and 0.16 deg/sec respectively. S-IVB attitude control appeared normal during 
S-IVB-IU/spacecraft separation. Since there were no measurable forces acting 
on the S-IVB-IU during spacecraft separation, no incremental velocity could 
be determined. 
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SECTION 13 
ELECTRICAL NETWORKS 


13.1 SUMMARY 


The performance of all launch vehicle stage electrical systems was satis- 
factory throughout the flight period. Battery voltages and currents were 
satisfactory and remained within predicted tolerances. AIT] battery 
temperatures were indicated as falling within acceptable limits. The 
Instrument Unit 6D30 battery lost the temperature measurement at approxi- 
mately 90 seconds due to a transducer malfunction. Battery performance, 
however, indicated that temperature effects were similar to other batteries. 
The electrical portion of each individual stage control system responded 
normally. Performance of the master measuring voltage supplies was 
Satisfactory. All Exploding Bridgewire (EBW) firing units responded 
correctly. 


13.2 S-IC STAGE ELECTRICAL SYSTEM 


The S-IC stage electrical system operated satisfactorily throughout S-IC 
powered flight and all mission objectives were attained. 


Main power bus voltages and currents on busses +1D10 and +1D20 are shown in 
Figures 13-1 and 13-2, respectively. The battery voltages were well within 
requirements of 26.5 VDC to 32 VDC during S-IC powered flight. The battery 
Currents were well within the operational limits of 64 amperes for Battery 
No. | and 125 amperes for Battery No. 2. 


The range of values for the seven measuring power supplies varied from a low 
of 9.005 VDC to a high of 5.035 VDC, falling well within the operational 
limits of 5 + 0.05 VDC. 


All channels of the S-IC stage switch selector functioned as programmed by 
the IU. 
os Separation and retro motor EBW firing units were armed and triggered. 
Charging time and voltage characteristics of the EBW firing units were 
within design specifications. Time between retro motor, ignition signals, 
and the separation firing signals was within requirements. 


13.3 S-II STAGE ELECTRICAL SYSTEMS 


The S-II stage electrical system operated Satisfactorily throughout S-II 
flight, and all mission objectives were attained. 
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Figure 13-1. S-IC Stage Voltage and Current, Bus 1D10 
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Figure 13-2. S-IC Stage Voltage and Current, Bus 1D20 
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Bus voltages remained within specified voltage limits throughout the pre- 
launch and flight periods. Main bus current averaged 33 amperes during 
oe Sea S-IC boost and 55 amperes during S-II boost. Instrumentation bus current 
Co ae averaged 50 amperes during S-IC and S-II boosts. Recirculation bus current 
ean oe averaged 91 amperes during S-IC boost. Voltage and current profiles for the 
main, instrumentation, and recirculation busses are presented in Figures 
13-3 thru 13-5. Predicted bus current levels were determined from maximum 
values of component power consumption test data. This resulted in predicted 
Oa values that are somewhat higher than actual bus current measurements. The 
a te os lower currents were expected and agree with CDDT data. The ignition bus 
Pee voltage profile is presented in Figure 13-6. The estimated J-2 engine 
ignition load is 35 amperes, based upon S-II acceptance static Firing data. 


S-IIT stage battery capacity consumption in ampere hours and as a percent of 
rated capacity are presented in Table 13-1 along with the battery temperature 


extremes. 


soa The LH2 recirculation inverters operated properly throughout the stage 
ee powered J-2 engine chilldown period. Voltages for the five inverters varied 
ee from a low of 40.3 VAC to a high of 44.5 VAC, falling within the 37 to 48 
ae VAC range specified. Inverter frequencies ranged from a low of 399.3 hertz 
to a high of 403.0 hertz, falling within the 396 to 404 hertz range specified. 
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Table 13-1. S-II Battery Consumption 


DESIGNATION | CAPACITY | CONSUMPTION] PERCENT TEMPERATURE 
(REFERENCE) | (AMP-HR) (AMP-HR) | CONSUMED MAX MIN 
35 7.84 22.4 
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Figure 13-3. S-II Stage Main DC Bus Voltage and Current 
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Figure 13-4. S-II Stage Instrumentation Bus Voltage and Current 
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| BATTERY 


All firing units for S-II ullage motor initiation, S-II second plane 
separation, S-II/S-IVB separation, and S-IJI/S-IVB retro motors operated 
within specification requirements. Review of the performance data for 
various systems controlled by switch selector commands indicated proper 
operation of the switch selector. 


13.4 S-IVB STAGE ELECTRICAL SYSTEM 


The S-IVB stage electrical system operated satisfactorily throughout the 
flight, and all mission objectives were attained. 


The power system of the S-IVB stage consisted of four batteries, a PU 


static inverter, two chilldown inverters, and smaller power supplies. These 


components performed satisfactorily with operating characteristics within 
the predicted performance. 


Battery voltages and currents remained within specified limits from liftoff 
to flight termination. First and second burn load profiles are shown in 
Figures 13-7 thru 13-10. Table 13-2 shows approximate power consumption of 
the S-IVB batteries. ; 


Table 13-2. S-IVB Battery Consumption 


CAPACITY CONSUMPTION PERCENT 
(AMP-HRS) (AMP-HRS) USAGE 


Maximum 
Expected Actual 






















Fwd. No. 1 (2 units) 
Fwd. No. 2 
Aft No. 1 (2 units) 





Aft No. 2 (2 units) 


Battery temperatures were well within the 347° K (165° F) limit. The 
highest temperature observed was 322° K (120° F) for forward battery No. | 
(Unit 2) during second burn. Figures 13-7 thru 13-10 present the battery 


temperature histories which indicate normal heat rise during battery loading 


and proper cycling of the heater circuits to maintain battery temperature. 


Performance of the static inverter/converter was satisfactory. At umbilical 
disconnect, the static inverter/converter voltage was 115 VAC. Voltage 
remained at this level through PU system activate and to shortly after 
S-IVB cutoff, when it dropped to 114.5 VAC and then remained at this level 
throughout the balance of flight. These voltages were well within the 
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Figure 13-7. S-IVB Stage Fwd Battery No. 1 Voltage, Current, and Temperature 
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Figure 13-9. S-IVB Stage Aft Battery No. 1 Voltage, 
Current, and Temperature 
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Figure 13-10. S~-IVB Stage Aft Battery No. 2 Voltage, 
Current, and Temperature 
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115 + 3.45 VAC requirement. Frequency remained well within the 400 + 6 
hertz limits specified except for a brief period during the PU hardover 
operation when frequency rose to 406.3 hertz. The 5-volt and 21-volt 
supplies remained within the specified limits of 5 + 0.5 VDC and 21 + 1.5, 
-1.0 VDC. Internal temperature ranged between a maximum temperature of 
299° K (78° F) and a minimum temperature of 297° K (75° F), 


The fuel and LOX chilldown inverters ranged from a low voltage of 55 VAC 
to a high voltage of 57.2 VAC, falling within the 49 to 60 VAC limits 
specified. Inverter frequencies ranged between 399.2 to 400.4 hertz, 
falling well within the 400 + 10 hertz limits. Likewise, temperatures 
which ranged from 282° to 300° K (48° to 80° F) were within the 224° to 
344° K (34° to 160° F) allowed. 


The 5-volt excitation modules remained within specified limits. The S-IVB 
stage electrical control system responded normally to the commands which 
were received from the Instrument Unit. The switch selector decoded the 
Signals properly and through the sequencer activated the desired relays, 
valves, etc. at the proper times. 


All EBW firing units functioned as expected in response to their respective 


commands. The ullage motor ignition EBW's were charged at 480 seconds 

and were fired at 520 seconds. The ullage motor jettison EBW's were charged 
at 529 seconds and fired at 531 seconds, resulting in the jettison of both 
ullage motors. Since the flight was successful, the destruct EBW's were 

not charged or fired. 


13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 


The Instrument Unit electrical system operated satisfactorily throughout the 
flight. 


Battery voltages and currents were normal throughout the flight. Battery 
load and temperature profiles. are shown in Figures 13-11 thru 13-14. 
Excursions were experienced in the 6D10 battery voltage and current near 
liftoff and in the region of MAX Q (50 to 90 seconds). The platform 56-volt 
power supply showed loading during these excursion times, the 6D10 current 
varying as much as 4 amperes. The loads on the 56-volt power supply can 
vary from 1 to 6 amperes and the 28-VDC load to the platform can vary from 

9 to 11 amperes. These two load limits are normally approached at times of 
maximum vibration of the ST-124M Inertial Platform. Since these times coin- 
cide with the excursions on the 6D11] bus, these fluctuations can be consi- 
dered as normal input power variations of the ST-124M Inertial Platform. 

The temperature measurement of 6D30 battery was lost at approximately 90 
seconds, as shown in Figure 13-11. The measured internal temperatures of 
the remaining batteries were seen to slowly increase with time. Concurrent 
with the temperature increase, the battery terminal voltage increased. 
Similar voltage increase in the 6D10 battery indicated that battery temper- 
ature was following the same trend as in other batteries. These increases 
were nominal for a silver-zinc battery. 


The distributors operated nominally, as did the 5-volt measuring voltage 
Supply. | 
13-1] 


"UPPER LIMIT BATTERY VOLTAGE 


We Lae yen 
<1 YUU 








Sey [| ee eee re Cea oo . ay a ot. pots . 
= 60 100 300 500 700 900 11,400 11,900 16,000 
0 200 400 600 g00  11;200 11,500 12,000 
RANGE TIME, SECONDS 


Figure 13-11. IU Battery 6D10 Voltage, Current, and Temperature 
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Figure 13-I2. IU Battery 6D20 Voltage, Current, and Temperature 
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Figure 13-13. IU Battery 6D30 Voltage, Current, and Temperature 
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Figure 13-14. IU Battery 6D40 Voltage, Current, and Temperature 
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SECTION 14 
RANGE SAFETY AND COMMAND SYSTEMS 


14.1 SUMMARY | 

Data indicated that the redundant Secure Range Safety Command Systems (SRSCS) 
on the S-IC, S-II, and S-IVB stages were ready to perform their functions 
properly on command if flight conditions had required and that the safe- 
disconnect system responded properly to command. The performance of the 
command and communications system in the Instrument Unit (IU) was excellent. 


14.2 RANGE SAFETY COMMAND SYSTEMS 


The SRSCS provides a means to terminate the flight of the vehicle by radio 
command from the ground in case of emergency situations in accordance with 
range safety requirements. After successful insertion into earth orbit, the 
System is deactivated by ground command. Each powered stage of the vehicle 
was equipped with two command receivers/decoders and necessary antennas. The 
SRSCS in each stage was completely independent of those in other stages. 


Three types of SRSCS commands were required for this unmanned flight as 
follows: 


a. Arm/fuel cutoff - Charging of the Exploding Bridge Wire (EBW) firing 
unit and thrust termination. 


b. Destruct - Propellant dispersion by firing of the EBW. 
c. Safe - Command system switched off. 


During flight, telemetry indicated that the command antennas, receivers/ 
decoders, destruct controllers, and EBW units functioned properly and were 

in the required state of readiness if needed. Because the flight was 
successful no arm/cutoff or destruct commands were required; therefore, all 
data except receiver strength telemetry remained unchanged during the flight. 
At 683 seconds the safing command was initiated, deactivating the system. 
Both S-IVB stage systems, the only systems in operation at this time, 
responded properly to the safing command. 


RF performance of the system is discussed in paragraph 19.5.3.1. 


Dlaeatee 





14.3 COMMAND AND COMMUNICATIONS SYSTEM 


The IU Command and Communication System (CCS) is a phase-coherent receiver- 
transmitter capable of establishing a communication link between the unified 
S-band (USB) ground stations and the IU of the Saturn VY launch vehicle. 

The operational requirements of the CCS include command up-data and down- 
link telemetry. Turnaround ranging is also desirable, but not mandatory. 
specifically, the CCS will: receive and demodulate command up-data for the 
guidance computers in the IU, transmit pulse code-modulated (PCM) mission 
contro] measurements originating in the S-IVB and the IU to the USB ground 
Stations for processing, and coherently retransmit the pseudorandom noise 
(PRN) range code that is received from the USB ground stations. The CCS 
physically consists of a transponder, power amplifier, and antenna system, 


Performance of the CCS for AS-501 appeared to have been excellent. All 
Stations obtained good data, with only minor discrepancies occurring at the 
MILA/USB. This station had problems maintaining phase lock due to S-IC/S-II 
Staging and interstage jettison. RF performance of the system is discussed 
in paragraph 19.5.3.2. 


The CCS command history is shown in Table 14-1. A total of 5622 known 

commands were sent. Of 5249 test commands sent, 5205 were verified as 

having been received, ] was verified as lost, and 44 were not verified: 
because the vehicle was over the horizon during these periods. All 373 
Operational commands were verified as having been received. 
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SECTION 15 
EMERGENCY DETECTION SYSTEM 


. 15.1 SUMMARY 


The Emergency Detection System (EDS) was flown in the "open-loop" configura- 

tion on AS-501. The automatic abort circuit was deactivated in the Spacecraft. 
i ta The performance of the EDS was satisfactory. No abort limits were reached 
ees and no false indications were sensed by the system. The sequential events 
a all occurred at the proper times. 


ae 15.2 SYSTEM DESCRIPTION 
Figure 15-1 presents a functional diagram of the EDS. The automatic abort 
capability was deactivated prior to flight in the command module and the 
absence of a crew dictated that the manual abort Toop be open. The para- 
meters which governed automatic abort were angular overrate and two or more 
S-IC engines out. The automatic mode was deactivated in the launch vehicle 
prior to S-IC inboard engine cutoff. Angular overrate and enaine thrust 
indications are also used for manual abort for manned flight. The other 
manual abort parameters were angle-of-attack dynamic pressure product (AP) 
and loss of launch vehicle inertial reference. 


Redundant EDS transducers for fuel tank ullage pressure measurements were 
flown in the S-IVB and S-II stages; however, no meters were provided in the 
block II spacecraft. The AS-501 EDS was an extension of the Saturn IB 
design to provide for the additional stage. 


15.3 SYSTEM EVALUATION 
15.3.1 General Performance 


The excursions of the various parameters sensed by the EDS remained within 
acceptable limits throughout flight, and discrete sensors responded properly. 


15.3.2 Propulsion System Sensors 


Although no display capability existed in the AS-501 command module and no 

abort limits were established for S-II and S-IVB fuel tank ullage pressures, 
the transducers in the tanks performed satisfactorily. The thrust OK pres- 
Sure switches on the engines functioned properly and the output from the EDS 
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logic in the IU was satisfactory. Table 15-1 is a tabulation of the per- 
formance of the thrust OK pressure switches. 


15.3.3 Flight Dynamics and Control Sensors 


The angle-of-attack dynamic pressure product is sensed by a redundant Q-Ball, 
and one of the outputs is displayed in the CM. The other output is telem- 
etered from the IU. The maximum recorded on AS-501 was 0.586 N/cm2 (0.85 
psid) at 46.9 seconds; peaks at 0.407 N/cm@ (0.59 psid) and 0.386 N/cm2 

(0.56 psid) occurred at 35.3 and 78.8 seconds respectively. The preliminary 
Saturn V abort limit is a 2.21 N/cm@ (3.2 psid). Figure 15-2 gives a trace 
of the AP versus time. 


A failure of the launch vehicle inertial reference is indicated when the 
platform gimbal angles are displaced excessively for a given increment of 
time. These limits for AS-501 were set such that, before sensing is switched 
to the backup mode, an angular displacement in excess of Q.4-degree must occur 
in at least three minor computation cycles of 40 milliseconds duration, ina 
major computation cycle of approximately ] second duration. Reasonableness- 
test failures must then occur an additional 15 times during the next second 
before guidance reference failure is considered to exist. The maximum 
angular displacement during a single minor computation cycle during powered 
Flight of AS-501 was 0.15 degree, which represents 32.5 percent of the gim- 
bal angular rate which must occur as stated above to result in a loss of 
launch vehicle guidance reference. 


The abort limits in AS-501 for angular overrates were + 4 degrees/second in 
the pitch and yaw axes and + 20 degrees/second in the roll axis. During the 
time of automatic abort activation, the maximum rates sensed by the rate 
switches were: -0.9 degree/second in the pitch axis at 82.2 seconds, 0.5 
degree/second in the yaw axis at 12.7 seconds, and -2.5 degrees/second at 
22.8 seconds in the roll axis. As a result of the relatively low angular 
rate, no indication of rate-switch closures was detected. 


15.3.4 Network Sequential Events 
There were no anomalies in the performance of the EDS networks. The times 


for EDS associated events were nominal. Tables 15-2 and 15-3 are tabulations 
of the events and times of functioning. 





Table 15-1. Performance ae of Thrust OK Pressure Switches 


STAGE ENGINE SWITCH TIME CLOSED TIME OPENED 
(SEC) (RANGE TIME, SEC) 


















































S-IC | ] 
| 2 
] 3 
Z ] 
2 2 
2 3 | 
3 ] 
3 2 
3 5 
4 ] 
es A 2 
4 3 
5 | 
9 2 
6 3 
] | ~~ = 154.820 519.968 
1 Z 154.845 519.993 
2 ] 154.895 3194960 
2 2 154.928 219.993 
3 ] 154.978 | 920.043 
3 2 155.012 2192993 
4 | 154.820 920.05] 
4 2 154, 862 920.010 
5 ] 154.903 3193966 
9 2 154.920 019s 96) 
S-IVB ] ] 929.48] 665.842 
IST ] 2 aT aopeorel 665.842 
BURN 
S-IVB ] 496.260 1786.415 
2ND 1 496 . 330 1786.415 
BURN 


15-4 














2.5 


2.0 























pale fe ee Sep a pe ope (hale ie ees bol le a es och bbl 
se, Jee eae cee ee Po i ed 
mo Ae et ieee 4 ae — 
s 46 HEE eee 5 
n 2 Ce al ei toe eee ee O 
eee eee ree ic ft pe er ~ 
GS aR oh at ee SDA Ss Os Sa Fs OS GG GF z 
= EECEREEEE EEE eee 
PEER EEE REE REESE ao 
Os FO Fa ae Oe 
CERES 
1 REE EE Ee 
IE HERE eH HA FEE EEE EE sie 
HERE Ha 0.5 
S000 See eee tel 2 eee Soe eee 
Ss os 4 bled id ApH 
Sees see aeeee ee Cees aceon eae seen anes 
Oe SH i OO i GO SO 





0 
-40 -20 0 20 40 60 80 100 120 740 ~#160 
RANGE TIME, SECONDS 


Figure 15-2. Q-Ball AP Versus Flight Time 
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Table 15-2. Discrete EDS Events 


| DISCRETE MEASUREMENT 4 DISCRETE EVENTS RANGE TIME 


Kk 73-602 Launch Vehicle EDS Cutoff 
Enable (Switch Selector) 





(SEC) 















K 74-602 Launch Vehicle EDS Cutoff 


Enable (EDS Timer No. 1) 








K 81-602 EDS S-IC Stage One Engine Out 





K 82-602 EDS S-IC Stage One Engine Out 


K 57-603 





Q-Ball Power Bus 6D31 





K 58-603 Q-Ball Power Bus 6D41 





K 79-602 EDS S-IC Stage Two Engines Out 


K 80-602 EDS S-IC Stage Two Engines Qut 










K 87-602 LET Jettison A 





K 87-602 LET Jettison B 
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Table 15-3. Switch Selector EDS Events 


RANGE 
SWITCH SELECTOR FUNCTION [STAGE TIME 
(SEC) 


| Liftoff Start Bl 





TIME FROM BASE (SEC) 








Auto Abort Enable Relays Reset | 






Launch Vehicle Engines EDS 
Cutoff Enable 
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SECTION 16 
VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 


16.1 SUMMARY 


The vehicle internal, external and base region pressure environment was 
monitored by a series of differential and absolute pressure gauges. These 
gauges were used in confirming the vehicle design external, internal, and 
base region pressure environments. The flight data were generally in good 
agreement with the predictions and well within the values to which the 
structure was designed. 


The vehicle internal and external acoustic environment was monitored by a 
series of microphones positioned to measure both the rocket engine and 
aerodynamically induced fluctuating pressure levels. The measured acoustic 
levels were generally in reasonable agreement with the liftoff and inflight 
predictions. However, no valid internal acoustic data were obtained for 

the S-II stage. No detrimental effects due to the acoustic levels have been 
determined at this time. 


16.2 SURFACE PRESSURE AND COMPARTMENT VENTING 
16.2.1 S-IC Stage 


The internal and external pressure environment on the S-IC Stage was 
monitored by 43 pressure transducers located in and on the engine fairings, 
aft skirt, intertank, and forward skirt. Representative data from a portion 
of these instruments are compared with preflight predictions in Figures 16-1 
thru 16-3. Compartment pressure histories were predicted using an analytical 
venting program, known vent and leakage areas, and appropriate external flow 
Field parameters. The vehicle angle-of-attack was neglected in these 
analyses since the internal pressure was quite insensitive to these effects 
for the configuration flown. The external pressure environment was predicted 
using wind tunnel data for a ten degree angle-of-attack. These data were 
combined to provide the pressure loading (Pintopnal/Pexternal) bands for 

the critical flight regions. 


16.2.2 S-II Stage 
Differential pressures across the S-II forward skirt area, shown in Figure 


16-4, were calculated by taking differences between various external static 
pressure measurements and one internal pressure measurement in the forward 
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Figure 16-1. 
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Figure 16-2. 
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RANGE TIME, SECONDS 
S-IC Compartment Pressure Loads 


Figure 16-3. 
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skirt compartment. A maximum bursting load of approximately 3.5 N/cmé@ 
(5.08 psid) was observed at 56 seconds for the external measurement located 
at vehicle station 63.88 meters (2515 in.). Measured pressure loads were 
close to predicted and well below design limits. 
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Figure 16-4. Forward Skirt Differential Pressures 


Three pairs (internal/external) of absolute pressure measurements were 
located at vehicle stations 60.40 meters (2378 in.), 54.18 meters (2133 in.) 
and 48.0 meters (1890 in.) on the LH2 sidewall insulation in order to 
measure the load across the insulation. The external pressure measurements 
at vehicle stations 54.18 meters (2133 in.) and 48.0 meters (1890 in.) 
malfunctioned. Comparison of the one external and three internal pressure 
measurements with postflight predicted is shown in Figure 16-5. The 
external pressure measured at the upper manifold location at vehicle station 
60.42 meters (2378 in.) showed good correlation with the prediction. 
Measured internal pressures at this location were much lower than predicted, 
and the exact cause for this deviation has not been determined. Internal 
pressures measured at the other two locations at vehicle stations 54.18 
meters (2133 in.) and 48.0 meters (1890 in.) were generally in good agree- 
ment with predictions. The predicted internal pressure histories were 
computed by means of a multiple venting digital computer program using a 
math model to simulate the LHo sidewall insulation. The math model was 
developed empirically by matching S-II-1, S-II-3, and S-II-4 ambient 
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Figure 16-5. Sidewall Insulation Differential Pressures 
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blowdown test data. The discharge coefficient due to the pressure ratio 
Pmanifold/Pexternal was not considered at vent spouts during the blowdown 
Simulation in developing the math model and was, therefore, not included 
in the flight prediction. However, the discharge coefficients based on 
the cross-flow velocity across the vent spout were included in the pre- 
diction. 


An equivalent leakage of approximately 2.0 cubic meters per minute (70 SCFM) 
of helium, detected during ground purging, was included in the flight 
predictions but its contribution to the overall internal pressure was found 
to be small. | 


Using available flight data and postflight predictions, a differential 
pressure profile across the insulation was constructed for the critical 
transonic flight phase. The sidewall insulation maximum differential 
pressure was calculated to be approximately 1.9 N/cm@ (2.75 psid). 


16.2.3 S-IVB Stage 


A comparison of the S-IVB aft interstage compartment pressure data with 
predicted values is presented in Figures 16-6 and 16-7. Figure 16-6 

Shows compartment pressure minus ambient pressure. The predicted values 
were based on a 501 nominal trajectory (M-AERO-D-1) and covered the 
maximum and minimum estimates. The flight data fel] generally within this 
envelope. 7 


Figure 16-7 shows maximum and minimum values of compartment pressure minus 
local external pressure. The flight data fell within the predicted 
envelope. 


16.3 BASE PRESSURES 
16.3.1 S-IC Base Pressures 


Static pressures on the S-IC base heat shield were recorded by eleven 
measurements, two of which were heat shield differential pressures. 
Representative data from a portion of these instruments were compared with 
predictions in Figure 16-8. 


The S-IC base pressure differentials are shown in the upper portion of 
Figure 16-8. The flight data agreed well with the predicted bands. The 
trends in the data were as expected. During the subsonic and transonic _ 
portion of flight (0 to 10 kilometers altitude), the base pressure was less 


than ambient. Between 6 and 7 kilometers, the F-1 engine exhaust plume 


begani to increase the base pressures to a point where they exceeded ambient 
between 10 and 11 kilometers. The S-IC base heat shield differentials, 
shown in Figure 16-8, were well within the predicted values. The design 
differential for the heat shield was 1.38 N/cm@ (2.0 psi). Wind tunnel data 
and analytical predictions were used to establish the bands. 
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16.3.2 S-II Base Pressures 


Maximum absolute pressures measured on the aft face of the S-II heat shield 
during S-II boost were approximately 0.045 N/cem2 (0.065 psid); this is shown 
in Figure 16-9. Pressures shown are for two heat shield locations repre- 
sentative of the overall base heat shield pressures. The differerice in 
pressure between the two transducers may be due to engine gimbaling effects. 
Pressure drops were experienced at second plane separation and propel lant 
mixture ratio step down, as expected. Measured pressures were slightly 
lower than the predicted values, which were based on hot flow model test 
results. The steady state S-II value of engine deflection was also 


oo considered in the prediction. Hot flow test results did not reflect the 


pressure drop which occurred after second plane separation. 
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Figure 16-9. S-II Base Pressures 
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Pressures measured on the thrust cone and on the forward face of the heat 
Shield were in good agreement with predicted. This is shown in Figure 16-9. 
In these areas the pressure drop resulting from second plane separation was 
more pronounced than on the aft face of the heat shield. It should be noted 
that the flight data were relatively constant in these regions showing 

that the base heat shield forward face pressures and the thrust cone Surface 
pressure were independent of engine gimbaling effects. 


16.4 ACOUSTIC ENVIRONMENT 

16.4.1 External Acoustics 

The external fluctuating pressure environments for the AS-501 vehicle were 
recorded by nine measurements which were located on the Instrument Unit, 
S-IVB forward and aft skirts, S-II forward and aft Skirts, S-IC intertank 


and aft compartments, and fin D. Representative data for these instruments 
were compared with predictions in Figures 16-10 thru 16-12. : 4 
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Figure 16-10. Vehicle External Overall Sound Pressure Level at Liftoff 


The AS-501 external acoustic environment at liftoff is shown in Figure 16-10. 
The prediction curve was derived assuming a single deflector flame bucket, 
whereas the launch pad flame bucket was a double deflector configuration. 

The measured data were in reasonable agreement with the predictions. 


Overall fluctuating pressure levels for vehicles AS-201, AS-202, and AS-501 
are shown in Figure 16-11. Comparisons between AS-501 flight data and 
flight data obtained from AS-201 and AS-202 were possible for the IU 
location only. 
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Good agreement exists between AS-501 and AS-202 flight data. Better agree- 
ment could be achieved for times greater than 60 seconds if the AS-202 flight 
times were increased to obtain exact matching of trajectory conditions for 
the vehicles. The trajectories for AS-201 and AS-202 have dynamic pressures 
nearly equal to those of AS-501 at equivalent Mach numbers. The data for 
times greater than 60 seconds does not show this behavior and is under 
additional investigation. 7 


AS-201 data had the same general data trend as AS-501 but with lower overall] 
Fluctuating pressure levels. A prediction curve for AS-501 IU based on 
analytic methods is shown in Figure 16-11 and is in reasonable agreement 
with the measurements. 


External fluctuating pressure spectral densities from vehicles AS-201, 

AS-202 and AS-501 for times near the occurrence of maximum local aerodynamic 
flucuating pressures are shown in Figure 16-12. As expected from the overall 
fluctuating pressure plot, AS-501 and AS-202 data were in good agreement. 
AS-201 data has the same data trend with Slightly lower spectrum levels 
below 100 hertz. All flight data were in good agreement with the AS-501 
prediction. 


All fluctuating pressure levels were referenced to 2 x 10-5 N/m@ (0.0002 
dyne/cm@) and were obtained from root-means-square time histories. The 
pressure spectra were obtained from a one-third octave band analysis. The 
data presented do not necessarily reflect the maximum levels due to the 
large time interval between data points. Predictions were based on a 
clean configuration and do not account for local protuberance effects. 
Variations between the reference trajectory and the actual AS-501 trajec- 
tory and angle-of-attack effects were not reflected in the predictions. 


16.4.2 Internal Acoustics 


The S-IC stage intertank internal acoustic data, as obtained from the one 
internal acoustic measurement, are shown in Figure 16-13. The level 
measured during liftoff was similar to that measured during static firing. 
The levels measured during the remainder of S-IC powered flight were much 
lower than static firing and lower than expected. 


The S-IVB internal acoustic environment was measured in both the forward 
and aft skirts. The forward microphone was located near position II and 
14.4 centimeters (5.7 in.) aft of the field splice. The aft microphone 
was located near position I, 79.3 centimeters (31.2 in.) forward of the 
separation plane. Time histories for the composite (50 to 3000. hertz) 
levels are shown in Figure 16-14 compared to levels measured at a similar 
location on the forward skirt of S-IVB-202 and levels measured on the aft 
skirt of S-IVB-203 at a location on the opposite side of the Stage. 
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Figure 16-13. S-IC Acoustic Environment, Acoustic Measurement Summary 
| - Intertank, Internal] 


The maximum overall! internal sound pressure levels in the S-IVB stage mea- 
fa ° ef ? sured during the high dynamic portion of the flight were lower than the 
eats maximum sound pressure levels measured at liftoff. The maximum sound pres- 
ee age oe sure levels measured at liftoff were also lower than those measured during 
Saturn IB launches. However, the levels measured at the forward skirt were 
higher than those measured during Saturn IB flight. These higher levels 
are presumed to be caused by the additional turbulence generated by the 
antiflutter kit installation. 
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Figure 16-14. S-IVB Internal Sound Pressure Levels 
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SECTION 17 
VEHICLE THERMAL ENVIRONMENT 


17.1 SUMMARY 


The AS-501 vehicle thermal environment was generally less severe than that 
for which the vehicle was designed. Aerodynamic heating was not as severe 
as expected on the cylindrical portions of the vehicle for the trajectory 
flown and substantially below the predictions based on the MSFC maximum 
heating trajectory. Base heating rates were well below the maximum design 
heating rates for the respective stages. 


Aerodynamic heating of the S-IC fins and engine fairings was about as expec- 
ted for the trajectory flown. The effectiveness of the insulation on the 
S-IC forward skirt in reducing protuberance induced heating could not be 
determined due to large variations in the insulation thickness. The only 
Suspected anomaly noted in the thermal protection system appears to be the 
loss of a small section of the M-31 to the level of the open face honeycomb. 
However, since the base region environment was substantially below the de- 
sign level, temperatures in this area did not exceed design limits. 


Protuberance induced heating effects on the S-II stage were generally below 
the design and postflight predictions. However, predictions for the undis- 
turbed flow regions correlated well with the flight data. The measured radia- 
tive heat flux on the base heat shield was in good agreement with the post- 
flight prediction ; however, the measured total heat flux was lower than the 
postflight prediction and was well below the design value. While the data 
indicated convective heating to the base region throughout S-II boost. The 
data could not be correlated with the gas recovery temperature since it fell 
below the transducer range. 


Results of the postflight studies indicate that the analytical models and pre- 
diction techniques used for AS-501 were valid and, further, that the vehicle 
Structure was capable of withstanding the environment of the MSFC maximum 
heating trajectory. 


17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT 


Thermal environments in the base region of the S-IC were recorded by 40 mea- 
Surements which were located on the heat shield, F-1 engines, and base of 
Fin D. This instrumentation included six radiation calorimeters, 20 total 
asymptotic calorimeters, and 14 gas temperature probes. Representative 





data from a portion of these instruments are compared with predicted and de- 


Sign environments in Figures 17-1 through |/-5. 


Total heating rates to the base heat shield calorimeters were well below the 
MSFC design environment, as shown in Figure 17-1. The S-IC base heat shield 
thermal environment was primarily radiation heating with convective cooling, 
as determined from postflight studies. Radiation was about as predicted ex- 
cept in the 15 to 45 kilometers (49,000 ft to 148,000 ft) altitude range 
where radiation increased rapidly to values greater than those experienced 

at sea level. This increase in radiation was attributed to plume expansion 
and afterburning of the fuel rich exhaust products. Afterburning ceased at 
the higher altitudes, and a corresponding decrease in radiation was noted. | 
The predicted radiation to the heat shield and engines was determined from an 
analytical plume model at sea level. Dropoff with altitude was based upon 
Saturn I flight data. Results from the total and radiation calorimeters in- 
dicated that a convective cooling rate was experienced on the base heat shield 
until an altitude of 20 kilometers (66,000 ft) and then changed to a small 
convective heating rate at the higher altitudes. A different trend is noted 
in Figure 17-2 for the F-1 engine nozzle extension near the nozzle lip, where 
convective heating was present from liftoff to a maximum value at an alti- 
tude of 15 kilometers (49,000 ft). Convective heating to the nozzle lip at 
altitudes above 25 kilometers (82,000 ft) was negligible. 


The base heat shield gas temperatures were well below the design gas tempera- 
tures, as shown in Figure 17-1, and correlated well with predictions which 
were based on model test data. Gas temperatures measured on the engines, 
Figure 17-2, were greater than the heat shield gas temperatures but were well 
below the design environment. 


Calorimeter data, Figure 17-2, have shown that the total heating rates on the 
nozzle lip did not exceed 25 watts/cm¢ (22 Btu/ft2-sec), whereas the MSFC 

maximum design value is approximately 38 watts/cmé (34 Btu/ft¢-sec). The tem- 

perature of the air inside the cocoon was expected to reach as much as 533°K 
(500°F) but did not exceed 355°K (180°F). The lower hat band of engine No. 1 

ce an ee temperature of 1089°K (1500°F) but did not exceed 908°K 
1174°F). 


The total heating rates measured on the base of Fin D are compared with the 
predicted environment in Figure 17-3. Flight data and prediction were in 
good agreement from liftoff to an altitude of 10 kilometers (33,000 ft). 
Plume expansion and afterburning above this altitude resulted in a similar 
increase in incident heating to the base of the fin as noted previously for 
the heat shield and engines. 


The data acquired during S-IC/S-II separation were not adequate to completely 
describe the separation environment. As shown in Figure 17-4, the forward 
skirt skin was heated only slightly during separation; however, data from 

the LOX tank dome thermocouples indicated rather high heating rates, 

33.2 watts/cm@ (28.8 Btu/ft2-sec). Since the gas temperatures measured 

at separation were not sufficient to drive the LOX tank dome to the recorded 
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Figure 17-1, S-IC Base Heat Shield Thermal Environment 
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Figure 17-3. S-IC Fin Aft Face Thermal Environment 
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temperatures barring unrealistically high heat transfer coefficients, and 
since particle impingement could not occur at the time when the temperatures 
started to increase, it was concluded that the thermocouples were not in 
good contact with the LOX tank dome and were unreliable indications of dome 
temperature. 


Reliable gas temperatures and structural temperatures were not recorded dur- 
ing signal dropout which occurred from range times of 151 to 152.3 seconds 
and from approximately 154 to 155 seconds. Data during these time periods 
have been extrapolated in Figure 17-4. 


Forward skirt pressure data are incomplete and prevent adequate evaluation 
of whether or not the forward skirt deflections resulting from differential 
pressures during staging will interfere with camera ejection on vehicles 
AS-502 and AS-503. However, fragmentary data received during staging show 
pressure spikes as high as 5.19 N/em@ (7.52 psia) at vehicle station 

37.8 meters (1488 in.). This is an area of concern inasmuch as most of the 
pressure data were lost due to the separation blackout, and the maximum de- 
sign pressure for separation at this station number was 2.2 N/om@ (3.2 psia). 
Action is being taken to change telemetry channels for forward skirt pressure 
measurements to PAM 1 or 2 to permit utilization of the onboard tape recorder 


for future flights. 


Using measured flight data, Figure 17-1, and the design base region heat 
transfer coefficient, very good correlation with the measured heat shield 
temperatures was achieved as shown in Figure 17-5. With the exception of 
one measurement, all M-31 honeycomb interface temperatures fell within a 
narrow band of data, as shown in Figure 17-5. At about 110 seconds the data 
from a measurement located 3.05 meters (120 in.) from the vehicle centerline 
at position III diverged from this narrow band. An examination of probable 
instrumentation failure modes and thermocouple output led to the conclusion 
that the thermocouple did not fail. Further studies of known heat shield 
failure modes and heat shield history showed that M-31 insulation loss to 
the level of the open face honeycomb can occur. Using the insulation 
thickness available after loss of the M-3] to the open honeycomb level (at 
110 seconds), a close correlation between data and computer results was 
achieved. 


Data from two other thermocouples which were on the same heat shield panel 
also exhibited an unusual trend at approximately 110 seconds. As shown in 
lower portion of Figure 17-5, one probe measured the temperature of the 
forward side of the heat shield panel and at 110 seconds appeared to have 
separated from the panel. The second probe was buried 0.25 centimeter (0.7 
in.) forward of the M-31 aft surface. At 110 seconds this thermocouple in 
indicated a sharp rise in temperature, peaking at center engine cutoff and 
dropping to what appeared to be a steady state value just before outboard 
engine shutdown. A similarly installed thermocouple at another location 
showed none of these sharp temperature changes and indicated a maximum 
temperature about 200°K (360°F) lower. The resulting trends would be 


17<8 


seen if the M-31 had debonded at the open face honeycomb, allowing the hot 
gas to flow behind the insulation, heating both sides of the section. 
Exactly what caused the unusual results in the area of the heat Shield in 
question was not known, but some M-31 loss and delamination was indicated. 


The fact that the heat shield environment and resultant heat shield tempera- 
tures were considerably below the design values suggests that the base air 
Scoops may not be required to lower the base region heating. Investigation 
to determine the effect of deleting the air scoops is being considered. 


17.3 S-II BASE HEATING AND SEPARATION ENVIRONMENT 


The postflight predictions of cold wall 295°K (72°F) convective heating rates 
to the S-II stage base heat shield and thrust cone region were based on 

hot flow model test data using the AS-501 Flight J-2 engine performance (Pro- 
pellant Mixture Ratio (PMR), chamber pressure, and temperature) and engine 
gimballing histories. The radiative heating rates, emanating from the gas- 
eous engine exhaust plumes, were computed by means of a digital computer 
program using the method of total hemispherical emissivity derivatives. 
Engine PMR, chamber pressure, and temperature effects as well as the radia- 
tion originating in the high temperature and pressure plume impingement 
regions were accounted for by means of the plume properties input into the 
program. 


Figure 17-6 shows total and radiative heating rates measured on the aft face 
of the heat shield. A maximum total heating rate of approximately 4.1 watts/ 
cme (3.6 Btu/ft¢-sec) was measured during S-II burn. The flight data shown 
have not been normalized to the cold wall conditions; however, the correction 
is not expected to make any appreciable difference due to the low heating 
rates experienced on this flight. Detailed analysis of the measured heating 
rates and the actual engine gimbal patterns may give improved analytical 
results. 


Figure 17-6 also shows the measured incident radiative heat flux on the base 
heat shield and the postflight prediction. The postflight prediction of 
incident radiative heat flux was assumed to be proportional to the total en- 
gine thrust and hence showed an initial rapid increase to the constant Steady 
State values. 


The flight data, on the other hand, took a considerably longer time (approxi- 
mately 83 seconds after J-2 ignition) to reach the steady state value. This 
difference may have been the result of condensation and ice formation on the 
calorimeter window due to the cold base region environment. This is sub- 
stantiated by the rapid and pronounced drop in incident radiation after the 
PMR step down, at which time the initial base region environment would no 
longer affect the calorimeter. Also, it should be noted that the measured 
incident radiative value should be multiplied by a factor of 0.84 in order to 
account for the radiometer view angle and hence obtain the actual incident 
radiative heat flux. Including this correction, the measured heat flux of 
1.26 watt/cm@ (1.11 Btu/ft2-sec) was only slightly higher than the design 
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Figure 17-6. S-II Heat Shield Heating Rates 
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Value of 1.22 watts /cm2 (1.07 Btu/ft2-sec) at this location. This may be 
accounted for by the postflight prediction analysis using a higher PMR 
than the PMR used in deriving the design value. 


Thrust cone total heating rates were below predicted and design limits as 
shown in Figure 17-7. A maximum value of 1.4 watt/cm2 (1.23 Btu/ft2-sec) 

was recorded during the time the interstage was on. As expected, heating 
rates exhibited a pronounced drop to approximately 0.15 watt/cm2 (0.13 Btu/ 
ft2-sec) following interstage jettisoning. The flight data are not normalized 
to the cold wall conditions. Also, the model used in the hot flow tests 

did not accurately simulate the geometric configuration for those transducer 
Sew. locations which are installed on the instrumentation container; therefore, 
ae some discrepancy between the prediction and flight data should be expected. 


Base heat shield temperatures were well below design and agreed well with 
postflight predictions, as shown in Figure 17-7. The design temperatures 
were calculated using the maximum design environment. Data shown indicate 
a maximum temperature of approximately 742°K (875°F) occurring near 300 
seconds of S-II boost. In general, temperature histories corresponded to 
the measured heating rates. 


Two of the above measurements were installed on the S-II heat shield with a 
Special corrosion resistant steel mount. The additional Capacitance from 
these mounts caused a temperature lag in the actual AS-501 flight tempera- 
Cures compared to the design temperatures. The special mounts were included 
in the thermal models used to determine the postflight predicted temperatures. 


Data from heat shield forward surface measurements indicated maximum tempera- 
tures during S-II boost of 269°K to 300°K (25°F to 80°F). These tempera- 
tures were considerably below the predicted preflight maximum temperatures 

Of 478°K to 532°K (400°F to 500°F). 


The forward side heating rates used for the design temperatures which occurred 
during the first 30 seconds after S-II engine start and before initiation of 
second plane separation were 0.68 watt/cm* (0.6 Btu/ft2-sec) and 0.28 watt/cm2 
(0.25 Btu/ft2-sec) for convective and radiant heating, ee ee These 
heat flux values were reduced to 0.1] watt/cmé (0.1 Btu/ft -sec) and zero, 
respectively, for the postflight analysis, thus reducing the forward side 
temperature increases by one order of magnitude. The actual AS-501 for- 

ward side temperatures were lower than predicted, indicating that the heat 
shield was quite effective in deflecting the hot exhaust gases away from the 
base region. 


Thrust cone temperatures were considerably lower than expected because of the 
low base heating rates, as shown in Figure 17-8. The maximum recorded tempera- 
ture was 280°K (45°F). A reasonable agreement was obtained between the ac- 
tual flight temperature history for this measurement and temperatures cal- 
culated using actual flight heat rates and gas recovery temperature of 500°K 
(440°F). This was also done for the measurement on the cover of container 

208, as shown in Figure 17-8. 
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Figure 17-7. S-II Base Region Thermal Environment 
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Figure 17-8. Thrust Cone Area Temperatures 
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Engine curtain gas recovery temperature measurements indicated a maximum 
gas temperature of 338°K Ci50°F). A maximum temperature of 625°K (665°F) 
was predicted prior to second plane separation, diminishing to 310°K (98°F) 
for the duration of S-II boost ftight. However, after second plane separa- 
tion, the gas temperature ranged from 265°K to 285°K (17° to 53°F). Since 
the gas temperatures on the thrust cone region were above the transducer 
range maximum of 338°K (150°F), it appears that the engines curtains were 
subjected to convective cooling throughout S-II boost flight. 


17.4 S-II/S-IVB SEPARATION ENVIRONMENT 


aptiatrtete 


The heat flux on the J-2 engine bell during retro motor fire at 520.55 seconds 


was measured by two calorimeters. The heat flux had an initial rise to 


approximately 0.28 watt/cme (0.25 Btu/ft@-sec) at 0.5 second after separation. 


It is suspected that this initial surge was due to the combination of solid 
ullage and retro motor gases filling the interstage region. The heat flux 
dropped to 0.16 watt/cm¢ (0.14 Btu/ft¢-sec) at 1 second after separation, 
and then began rising again as a result of retro motor plume impingement. 
The heat flux reached a maximum value of 0.42 watt/cm¢ (0.37 Btu/ft2-sec) at 
1.6 seconds and dropped thereafter. The heat flux data were considerably 
lower than the analytical prediction. The maximum heat flux that was pre- 
dicted in line with the retro motor was 2.56 watts/cm@ (2.26 Btu/ft¢-sec). 
The predicted heat fluxes at 45 degrees from the centerline are 50 percent 
of the centerline values. 


The analyses were based on a perturbed retro motor flow (flow passing through 
shock interactions) prior to impingement on the J-2 engine from 1.2 to 1.4 
seconds after separation. Direct plume impingement on the calorimeters was 
considered after that time. 


17.5 VEHICLE AEROHEATING THERMAL ENVIRONMENT 
17.5.1 S-IC Stage Aeroheating Environment 


The aerodynamic heating environment effects were measured using thermocouples 
mounted to the backside of thin structural skin on the S-IC fins, engine 
fairings, intertank compartment, and forward skirt. Generally, the tempera- 
tures were within the preflight prediction bands based on the MSFC design 
environment and were well within the maximum design capability. 


Comparisons of analytically calculated heating rates for the maximum heating 
trajectory and postflight AS-501 trajectory indicated a 23 percent lower heat 
input from the postflight trajectory. 


Figures 17-9 and 17-10 show the flight data compared with the preflight pre- 


diction bands for the four areas considered. The maximum expected curve on 
the bands represents expected temperatures based on the Saturn V maximum 
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Figure 17-9, S-IC Body Aerodynamic Heating 
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heating trajectory (+30 variations on the reference trajectory parameters), 
while the minimum expected curve represents a -lo deviation on the initial 
operational trajectory parameters. 


The skin temperatures on the forward skirt remained at a nearly constant 
level throughout flight ranging from 275°K (35°F) to 294°K (70°F). A 
typical measurement is shown in Figure 17-9. The forward skirt was insulated 
with silicone rubber insulation which limited aerodynamic heating effects 
and kept skin temperatures at a constant level until S-IC/S-II separation 
where a sharp temperature rise was seen due to S-II ullage motor plume im- 
pingement. Analysis to determine forward skirt aerodynamic heating rates 
during powered flight was not possible with the data obtained due to the 
unknown insulation thickness in the areas of the instrumentation. KSC Non- 
Conformance Record 008224 documented the insulation thicknesses at various 
locations on the forward skirt and indicated that the insulation thick- 
nesses in some areas was as much as 2.5 times the required. Action to 
correct this problem on AS-502 has been initiated. 


The behavior of the data recorded on the fuel tank suggested that the thermo- 
couples were poorly attached to the tank wall, and read combined tank wall 
temperatures and boundary layer gas temperature. Since these thermocouples 
were attached in the same manner as those on the LOX tank and were also found 
to be loosely attached on S-IC-3, -4, and -5, the data were not considered 
usable. 3 


Due to the relatively good agreement between predictions and measured tempera- 
tures on the unpressurized portions of the vehicle and the erratic behavior 
of the LOX tank thermocouples, it was concluded that these instruments were 
not recording true skin temperatures. Corrective action for future stages 

is being initiated. Temperatures on the intertank skin were below the pre- 
dicted maximum from 50 seconds until near the end of powered flight, as shown 
in Figure 17-9. Initial temperatures were about 39°K (70°F) higher than ex- 
pected. This was probably due to the winds at the jaunch site. 


It is also seen in Figure 17-9 that the intertank skin temperature decreased 
until about 70 seconds and from this point continued to increase until the 
end of flight, falling slightly above the predicted band. The cooling dur- 
ing the first 70 seconds followed the trend of ambient compartment gas 
temperatures which decreased from about 253°K (-4°F) to about 230°K (-45°F) 
during the first 70 seconds. Attempts to simulate the temperature data 
indicate that combined cooling of the inside of the skin and boundary layer 
cooling (due to air passing over the cold LOX tank wall) contributed to 

the cooling of the skin during the early portion of flight. 


Temperatures measured on the electrical tunnel in the intertank area were 
well below the predicted maximum throughout flight. The maximum recorded 
temperature was approximately 455°K (359°F) at 150 seconds where the pre- 
dicted maximum was 572°K (570°F). This was to be expected since the 
maximum heating trajectory was not flown by AS-501. 
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One measurement located on the pressure tunnel ramp at vehicle station 
38.57 meters in the forward skirt area was under silicone rubber insulation. 
and reached 316°K (110°F) at the end of powered flight. This temperature 
was in good agreement with those on the forward skirt skin located under 
insulation. 


Temperatures on the thrust structure skin remained near the predicted values 
during powered flight except for the effect of burning exhaust gases during 
liftoff and a sharp increase at approximately 120 seconds. All of the tem- 
peratures measured were in a region immediately forward from a base air scoop. 
The sharp increase in temperatures at 120 seconds was attributed to flow of 
base gases forward through the scoops over the thrust structure skin. This 
was not considered in the preflight prediction. 


The flight data indicated that only one of the four thermocouples recorded 
temperatures above the predicted maximum of 336°K (154°F) at approximately 
145 seconds. However, the temperatures were within the capability of the 
structure and presented no problems. 


Skin temperatures on the aluminum portion of the S-IC engine fairings were 
below the predicted maximum, as shown in Figure 17-10. The initial rise in 
temperature from 0 to 10 seconds was due to burning F-I engine exhaust gases 
which enveloped this area at liftoff. This same effect was noted on all tem- 
perature measurements on the fins and thrust structure as well. The data 
from vehicle stations 7.75 meters and 5.52 meters showed little difference 

in temperature, indicating the absence of any severe temperature gradients 

on the forward fairing. 


Skin temperatures on the titanium portion of the fairing aft of the heat 
shield were far below the predicted maximum throughout the flight. The 
maximum temperatures recorded ranged from 780°K to 855°K (944° to 1080°F) 

as compared to the design maximum of 1030°K (1394°F). This resulted from 
the fact that base radiation levels and base gas temperature were much less 
severe than the design values utilized for the prediction. 


Skin temperatures on both the wedge and flat portions of the fins fell within 
a relatively narrow band and were slightly higher than the predicted maximum 
at the end of flight, as shown in Figure 17-10. The initial rise in tem- 
perature above the predicted values at liftoff was due to radiation and con- 
vective heating from burning F-1 engine exhaust gases which enveloped the 
entire base area. This effect was not accounted for in the predictions. 
After 120 seconds, the temperatures fell slightly above the predicted band, 
leveling off at 591° to 605°K (604° to 629°F} at approximately 145 seconds. 
However, this was well within the capability of the structures and is not 
expected to present any problems. 


17.5.2 S-II Stage Aeroheating Environment 


Aerodynamic heating measurements made on the S-II stage near and on protube- 
rances were below design limits and agreed well with postflight predictions. 
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The postflight heat rate predictions considered actual trajectory, angles-of- 
attack, and local flow properties calculated by means of a computer program. 
Consideration was also given to vehicle-surface-to-calorimeter mismatch ef- 
fects. 


A comparison of AS-501 measured, design,and postflight predicted data for 
locations on and adjacent to S-II protuberances is shown in Figure 17-11. 
Flight data show good agreement with the predictions for the fairing nose 
sections which were not influenced by upstream disturbances. Maximum aero- 
ton dynamic heating rates of approximately 1.38 watt/cm@ (1.22 Btu/ft2-sec) and 
oe: 1.20 watt/cmé (1.06 Btu/ft2-sec) were obtained on the ullage motor and LH? 
ae feedline nose fairings, respectively. However, the LHo feedline fairing 

nose heating rate peaked about 13 seconds earlier than predicted. The calori- 
meter located adjacent to the ullage motor fairing, seen on the left hand plot 
of Figure 17-11, which was enveloped by the low shock wave, also showed good 
correlation with the prediction. This measurement also peaked 13 seconds 
earlier than predicted. 


Selected structural, fairing, and surface temperature measurements influ- 
enced by aerodynamic heating for AS-501 are shown in Figures 17-12 and 17-13 
Each plot gives the actual flight data along with the design, preflight, and 
postflight predictions. Design predictions were based on the North American 
Rockwell design heating trajectory. Preflight predictions were based on the 
AS-501 preflight trajectory aerodynamic heating rates, and the postflight pre- 
dictions were based on the heating rates discussed previously. 


Measured forward skirt skin temperatures, aS shown in Figure 17-12 were only 
slightly lower than the postflight prediction and further aerodynamic heat- 
ing rate refinements are expected to result in even better correlation. 


LH2 tank insulation surface temperature measurement data are also shown in 
Figure 1/-12. The postflight prediction for vehicle station 58.19 meters 
compared well with the flight data but the predictions for vehicle station 
96.92 meters and vehicle station 58.04 meters were much higher than the 

flight data. The wide range of flight data for the LH» tank insulation was 
unexpected and so far unexplained. Effects of angle-of-attack, frost, instru- 
ment mounting and operation, and refined heating rates are still being inves- 
tigated as possible causes for the wide range of flight data. 


Interstage stringer cap instrument temperature, shown in Figure 17-13, shows 
that the postflight prediction was higher than the flight data. Effort is 
continuing on the thermal model and heating rate changes for better inter- 
Stage temperature correlation. 


Internal skin temperature measurements made in the LH? feedline fairing and 
in the ullage motor fairing indicated values lower than postflight predic- 
tions,as seen in Figure 17-13. Effort is continuing on the thermal model, and 
actual heating rate refinements are expected to reduce the difference. 
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Figure 17-13. S-II Structural Temperatures 
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17.5.3 S-IVB Stage Aeroheating Environment 


The forward skirt temperature simulation using the AS-501 trajectory and a 
transition Reynolds number (Ret) of 500,000 is compared with flight data 
in Figure 17-14 (upper plot). The simulation is of the sensor temperature. 


The LHo tank temperatures were either at or below the freezing point of water 
at liftoff. In Figure 17-14 (center plot), the simulation is compared with 
the temperature sensor that reached the maximum temperature during boost, 
305°K (89°F). The LHo tank experienced a temperature rise during retro 

fire of 2°K (4°F), which was comparable to that experienced on the Saturn 

IB flights. 


The temperature sensors on the aft skirt were located such that some are on 
uninsulated structure and some are on insulated structure which was Subject 
to protuberance induced heating rates. The simulation of the sensors located 
on uninsulated structure, shown in Figure 17-14 (lower plot), indicated that 
a wall to recovery temperature ratio (Tyw/Ty) of 0.5 should be used as the 
transition criterion rather than a transition Reynolds number of 500,000. 

The flight data indicated that the boundary layer flow became laminar at 
approximately 100 seconds into the flight followed by the maximum tempera- 
ture at 130 seconds. 


Figure 17-15 (upper plot) presents the Flight data and sensor simulation for 
the sensors adjacent to the APS modules. These sensors are covered by 
0.0254 centimeter (0.010 in.) of Korotherm and are considered to be ina 
protuberance induced heating rate area. The aft skirt sensors experienced 

a temperature rise due to S-II retro motor plume impingement. This tempera- 
ture was comparable to that experienced on Saturn IB. 


Figure 17-15 (center plot) shows the temperatures of the sensors on the aft 
interstage, which are covered with 0.0254 centimeter (0.010 in.) of Koro- 
therm. The maximum temperature experienced on the aft interstage was 347°K 
(164.9°F) on the stringer cap. It should be noted that the stringer cap 

was hotter than the interstage Skin; whereas, the simulation indicated the 
opposite relationship between the skin and stringer temperatures. It is pos- 
sible that the installation of the stringer sensor employed less mass than 
the skin installation, or insulation repairs prior to flight introduced in- 
sSulation thickness variation. 


The S-IVB feedline fairing forebody temperatures indicated a maximum tempera- 
ture of 380°K (224°F) at 150 seconds. The postflight Simulation .using a 
transition Reynolds number of 500,000 indicated a maximum temperature of 
436°K (325°F). The use of Ty/Typ = 0.5 rather than a transition Reynolds 
number correlated the flight data to within 3°K (5.4°F) of the maximum 
temperature. This correlation trend was also noted on the Saturn IB flights. 
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Figure 17-14. S-IVB Aeroheating Environment 
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Figure 17-15. S-IVB Protuberance Aeroheating Environment 
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The sensors located near the APS No. 2 forebody indicated frost formation 
on the LHo tank and aft skirt near the APS. The APS fairing forebody tem- 
perature is shown in Figure 17-15 (lower plot) along with the sensor 
simulation. Better agreement was obtained for the sensor simulation using 
Tw/Ty = 0.5 rather than Ret = 500,000 as the criteria for transition to 
laminar flow. However, the Reynolds number criteria was used for design 
predictions and thus apparently gives conservative results. 


The heat flux measured by two calorimeters on the J-2 engine was approxi- 
mately one order of magnitude less than expected. The calorimeter located 
on the J-2 engine in line with the retro motor experienced a maximum heat 
flux of 0.42 watt/cm2 (0.37 Btu/fté-sec). 


17.5.4 Instrument Unit Aeroheating Environment 


The Instrument Unit (IU) aeroheating environment was monitored by eight thermo- 
couples mounted on the inner surface of the honeycomb structure on the low 
density (49.7 kg/m or 3.1] lbm/ft3) core. Seven of the eight measurements 
indicated temperature rises due probably to internal radiation or local con- 
vective heating during the first 30 seconds of flight. This is shown in 

Figure 17-16. The two sensors located near position IV at station 82.47 

meters (3247 in.) and station 82.14 meters (3234 in.) indicated increases 

of 7°K (13°F) and 11°K (20°F), respectively. 


After 30 seconds, these measurements indicated a cooling trend. The IU com- 
partment ambient gas temperature dropped to 273°K (32°F) at 70 seconds. 
After that time the sensor output was somewhat meaningless since the com- 
partment pressure was approaching 2./ N/cm¢ (3.9 psia). The inner skin tem- 
perature indicated a maximum 348°K (165°F) at approximately 185 seconds at 
the sensor located near position I at station 82.14 meters and a minimum of 
329°K (132°F) near position II at station 82.47 meters. The simulation in 
Figure 17-16 indicated a maximum external temperature approximately 11°K 
(20°F) higher than the inner sensor temperature for the no solar heating 
case. From 185 to 770 seconds, the effects of solar radiation may be noted 
in the measured data. The simulation of the data was for maximum solar 
heating and no solar heating; however, it should be noted that the vehicle 
received considerably less than a maximum solar load. The sensors located 
at positions I and IV would have experienced the greatest solar heat flux; 
this was indicated in the measured data. These trends due to solar heating 
were not noted in the AS-201 and AS-202 data, but were noted in the AS-203 
data. The IU for AS-201 and AS-202 was painted white; however, on AS-203 
and AS-501, the IU was painted black, and this would account for the dif- 
ference noted in the data. 


17.6 VEHICLE ORBITAL HEATING ENVIRONMENT 
The orbital temperatures for the APS were determined by 10 sensors mounted 


internally on various components and propellant transfer lines and four sen- 
sors mounted on the fairing. 
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One internal component measurement and one fairing measurement were selected 
for direct correlation with the flight data. 


The maximum temperature recorded on the fairing was 361°K (190°F). This 
exceeded the maximum predicted value by 13.9°K (25°F). The components, how- 
ever, remained within their allowable temperature limits during low earth 
orbit. 


Figure 17-17 compares the APS fairing orbital temperatures with the design 
prediction band and the postflight prediction band. Since the Flight data 
exceeded the design prediction, it was suspected that a change in the opti- 
cal properties of the fairing had occurred. A simulation of the measured 
data, using revised values of absorptivity (a = 0.22) and emissivity 

(c = 0.14), gave excellent correlation and was used to provide the post- 
flight prediction bands. The design prediction used values of a = 0.24 

and « = 0.22. 


The propellant control module appeared to exceed its upper allowable tempera- 
ture limit during the waiting orbit. This could be due to the indicated 
shift in optical properties on the APS fairings which produce a higher than 
expected fairing temperatures. The APS fairings, in turn, had a strong 
influence on component temperatures. 


Figure 17-18, upper plot, is a simulation of LH> heating using design meth- 
ods and the initial structural temperatures obtained from the powered flight 
simulation. Maximum values of internal insulation thermal conductivity (k) 
were used. Tank wall optical properties, solar absorptivity (a) of 0.42, and 
infrared emissivity («) of 0.87 were used as determined by measurement a 

few days before the flight. The propellant heating was well within the 
design range. 


Figure 17-18 presents measured tank wall temperature data at two locations 
together with simulated values which were used in determining LHo heating 
during orbit. 


IU inner skin orbital temperatures are shown in Figure 17-19. The effects of 
the roll] maneuvers, before and after Spacecraft separation, on the IU heating 
rates can be seen in the data from 3.2 to 3.6 hours from launch. Data were 
also available out to 6.9 hours from launch. These data indicated that the 
minimum inner skin temperatures fell below the lower range of the transducer, 
223°K (-58°F), at positions II and III at 5.0 hours from launch. At 6.9 
hours from launch one sensor located near position I indicated a maximum 
temperature of 365°K (198°F), indicating that a temperature differential 
greater than 142°K (256°F) existed between positions I and III. 
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Figure 17-18. LH, Heating During Orbit and Tank Skin Temperatures 
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SECTION 18 
ENVIRONMENTAL CONTROL SYSTEM 


18.1 SUMMARY 


The S-IC forward canister conditioning system and the aft environmental con- 
ditioning system performed satisfactorily during the AS-501 launch count- 
down. The compartment ambient and canister temperatures were within the de- 
Sign limits. 


The S-II forward and aft thermal control systems maintained container tem- 
peratures within mid-range of design limits throughout prelaunch and boost. 
Both hydrogen and oxygen concentrations were well below the allowable 3 per- 
cent maximum. 


The S-IVB aft interstage environmental control system maintained an APS tem- 
perature within the 304 + 3°K (87 + 5°F) design limits. 


The IU environmental control subsystem performed well. With only two excep- 
tions; pressures, temperatures, and flow rates were held within the required 
ranges. The ST-124M internal ambient pressure did not decay to the speci- 
Fied lower limit. However, this did not cause any problem with the plat- 
form system operation and was not considered a failure. Also the IU internal 
ambient temperature dropped below the redline limit prior to liftoff, but a 
waiver was obtained and no adverse effects were noted. A redline change is 
being considered. | 


The water coolant valve opened at 178.318 seconds and sublimator cooling was 
evident by 300 seconds. By 750 seconds, the modulating flow control valve 
began diverting the methanol/water through the sublimator bypass, and the 
methanol/water bulk temperature began to stabilize at approximately 288.7 + 
0.2°K (60 + 0.36°F). Data at 11,600 seconds showed that the bulk tempera- 
ture was still holding at 288.3 + 0.2°K (59.3 + 0.36°F), indicating a good 
Stable operation of the thermal conditioning system. Environmental control 
system real-time data indicated good control was maintained through Command 
Module separation. 


18.2 S-IC ENVIRONMENTAL CONTROL 
The forward canister conditioning system controlled the temperature of the 
ten equipment canisters in the forward skirt area. Air was used as the con- 


ditioning gas until -7 hours 41 minutes. At that time the system was switch- 
ed to GN2, which was used until umbilical disconnect at -16.7 seconds. The 
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canister conditioning system performed satisfactorily and held ambient tem- 
perature of the canisters within the required 300 + 11.1°K (80 + 20°F) 
during countdown. 


The aft environmental conditioning system controlled the temperature in the 
aft compartment. The critical components in this compartment were the 
flight batteries. All recorded temperatures were within the requirements of 
300 + 5.5°K (80 + 10°F) except one instrument that had a recorded tempera- 
ture 2°K (3.6°F) below the minimum at liftoff. This instrument was located 
on the opposite side of the stage from the battery location; therefore, the 
temperature at that location was not critical. 


18.3 S-II ENVIRONMENTAL CONTROL 


The S-II forward and aft thermal control systems performed satisfactorily 
during all phases of the countdown and boost of the AS-501 vehicle. Con- 
tainer temperatures were maintained mid-range of design limits throughout 
prelaunch and boost. Temperature drops in the forward containers were less 
than the expected 6°K (11°F) during S-IC and S-II boost. The container 
which had the highest internal heat load experienced a temperature rise of 
1°K (2°F). Aft container temperatures were expected to rise from 6°K to 17°K 
(11 to 30°F) during S-II boost due to the effects of base heating; however, 
base heating was much lower than anticipated, and the aft containers showed 
a cooling trend similar to the forward containers. All container tempera- 
tures were well within limits at the end of S-II boost. 


During the first 80 seconds of S-IC boost, the ambient temperature in the 
S-II engine compartment was expected to drop considerably as the gases ex- 
panded due to the drop in pressure with increasing altitude. The data in- 
dicated that the ambient temperatures did drop, but not to the extent pre- 
dicted. One explanation for the difference is that ideal expansion of gases 
did not occur. A more probable explanation is because of the decrease 

in thermal capacity of the gas, the transducer indicated the temperature of 
its sensing element rather than the temperature of the rarefied gas. 


Both hydrogen and oxygen concentrations from initiation of tanking unti] 
liftoff were maintained well below the allowable maximum (3 percent). 
During the time interval from 20 percent to 60 percent LOX loading, sporadic 
indications of oxygen were observed. The highest concentration noted was 
between 1 and 1.5 percent. 


18.4 S-IVB ENVIRONMENTAL CONTROL 

18.4.1 Ascent Powered Flight Phase 

The aft interstage environmental control system functioned properly during 
the countdown, maintaining an APS temperature within the design limits of 


303.72 + 2.78°K (87 + 5°F). At liftoff, the APS temperature was within de- 
Sign limits. 


18.5 IU ENVIRONMENTAL CONTROL 
18.5.1 Thermal Conditioning System 


The Environmental Control Subsystem (ECS) controlled liquids and gaseous 
elements of the Instrument Unit (IU) to maintain acceptable operating condi- 
tions for all components mounted within the IU and the S-IVB stage forward 
Skirt during preflight and flight operations. The ECS was composed of the 
Thermal Conditioning System and the Gas Bearing Supply System (GBS). A pre- 
flight purge system provided environmental control prior to launch. See 
paragraph B.5.3, for a description of the IU Environmental Control System. 


During portions of the final 90 minutes of the countdown (period following 
S-IVB stage LH. loading) the IU ambient temperature was not maintained above 


the lower redline value. At liftoff, the ambient temperature was 287.4°K 
(58°F). This was 1.2°K (2°F) below the initial lower redline limit of 

294.1 + 5.5°K (70 + 10°F) and 6.6°K (12.0°F) below the design requirement of 
296.8 + 2.7°K (75 + 5°F). As the ambient temperature approached the lower 
redline value, a waiver was obtained to allow the redline limit to be 
lowered to 285.7°K (55°F). The waiver was obtained approximately 11 minutes 


prior to launch. The reason for the cold ambient temperature is being in- 
vestigated further. 


The methanol/water bulk temperature, shown in Figure 18-1, indicated a 0.4°K 
(0.7°F) temperature increase from liftoff until 20 seconds. This increase 
was due to the end of preflight cooling. A 0.8°K (1.4°F) temperature de- 
crease then occurred from 20 until 110 seconds. This 0.8°K (1.4°F) drop 
resulted from cooling affects of the expanding compartment gases venting 
during vehicle ascent. 


Following the cooling affect of the venting, the bulk temperature increased 
from 288.13°K (59°F) at 110 seconds to 289.82°K (62°F) at approximately 450 
seconds. After 450 seconds, the bulk temperature declined and approached 
288.3°K (59°F). 
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Figure 18-1. Methanol/Water Bulk Temperature 
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The sublimator began operation at 180 seconds when the water control valve 
was opened. Figures 18-2 and 18-3 show the sublimator performance. A maxi- 
mum of 7.5 kilowatts of sublimator cooling was observed during sublimator 
start-up. The sublimator had removed sufficient heat from the system by 

530 seconds to allow the modulating flow control valve’ to begin bypassing 
fluid around the sublimator. The valve operation is shown in Figure 18-4. 
The valve had reached 80 percent bypass by approximately 650 seconds. The 
sublimator cooling rate decreased concurrent with the valve operation. 


The TCS GN. supply pressure decay and temperature variation appeared nominal. 


The pressure decayed at a rate of 148.09 N/om® (214.8 psia) per hour over 
an 11,900 second period. 


The overall operation of the TCS was nominal for the time period discussed 
(0 to 750 seconds). Component temperatures were maintained within opera- 
ee es tional values. Components with integral methanol/water passages maintained 
Pee: very stable temperatures with one exception. The ST-124M inertial gimbal 
eee temperature showed a constant increase from 314.9°K (107.13°F) at 800 
seconds to 319.5°K (115.41°F) at 25,000 seconds. The specification for 
AS-501 platform inertial gimbal temperature was 316 + 3°K (110 + 5.4°F). 
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RANGE TIME, SECONDS 
Figure 18-2. Sublimator Inlet and Exit Temperatures 
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RANGE TIME, SECONDS 
Figure 18-3. Sublimator Cooling Rate 








VALVE POSITION, PERCENT 





RANGE TIME, SECONDS 
Figure 18-4. Modulating Flow Control Valve Performance 


Although the maximum temperature was exceeded by only 0.5°K (0.9°F), longer 
operation would increase the temperature further which could lead to gyro 
drifts and degraded platform performance. The blower system in the platform 
has been changed to obtain a better heat distribution. Selected component 
temperatures are shown on Figure 18-5. 


18.5.2 ST-124M Gas Bearing System 


Figure 18-6 shows the GN» supply pressure and temperature. The GBS GNo 
pressure decayed at a rate of 158.7 N/cmé (230.2 psia) per hour. This de- 
cay rate would yield a GNo pressure of 1408.6 N/cm@ (2043 psia) after 4.5 
hours or 236.5 N/cm@ (343 psia) above the minimum called for in the system 
Specification. 


The platform air bearing GNo inlet pressure was referenced to the platform 

internal ambient pressure to maintain a constant pressure differential of 

10.34 + 0.34 N/cm@ (15 + 0.5 psid). This pressure differential was main- 

oe a tained between 10.48 + 0.06 N/cm@ (15.2 + 0.1 psid) which was within the 
oe | specified limits. 
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Figure 18-5. Selected Component Temperatures 
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Figure 18-6. GN2 Supply Pressure and Temperature 


The ST-124M platform internal ambient pressure requirement was 


12.76 + 1.38 N/cm* (18.5 + 2 psia) for preflight and 8.27 + 1.03 N/cm2 
(12.0 + 1.5 psia) for flight. The flight pressure was to be reached within 
the first hour of operation. The platform internal ambient was 


13.51 N/m? (19.6 psia) at liftoff and decayed to within the specification 
tolerance at 23,500 seconds. This over-pressure during flight was not con- 
Sidered a serious problem; however, investigation is continuing. Resizing 
the orifice could help the pressure decay at a faster rate. The platform 
internal pressure through 750 seconds is shown on Figure 18-7. 


Figure 18-8 shows the gas bearing heat exchanger GN, and methanol/water 


temperature. The GN, heat exchanger exit temperature was maintained to 
within 1.1°K (2°F) of the methanol/water temperature. 
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SECTION 19 
DATA SYSTEMS 


19.7 SUMMARY 


There were 2687 telemetered measurements active at the start of the AS-501 
automatic countdown sequence. Of the 2687 measurements, 45 failed in flight. 
resulting in an overall measuring system reliability of 98.3 percent. 


The Airborne Telemetry System operated satisfactorily, including preflight 
calibrations, inflight calibrations, and tape recorder operation. 


Performance of the RF systems including telemetry, tracking, and command 
Systems was good. Approximately 2 seconds of data on all S-IC Stage telemetry 
links was lost due to an unexpected data dropout at 136.5 seconds. Data on 
the AF-1 and AF-2 links were recovered from the onboard tape recorder play- 
back. 


Ground camera coverage was not entirely satisfactory. Of a total of 85 cam- 
eras (68 engineering sequential, 15 tracking, and 2 onboard), 85 percent did 
not produce all of the required data for evaluation purposes. Thirty-two 
percent had partial loss and 53 percent had total loss of data for evaluation 
purposes. 


Both onboard cameras viewing the S-IC/S-II stage separation sequence were 
ejected and recovered successfully, producing excellent quality film. 


19.2 VEHICLE MEASUREMENTS EVALUATION 


The AS-501 measurement systems operated satisfactorily. Lost measurements 
did not adversely affect vehicle postflight evaluation since sufficient data 
wereacquired to complete the evaluations. There were 2687 telemetered 
measurements on the vehicle active at the start of the AS-501 automatic 
countdown sequence. Of these, 854 were on the S-IC Stage, 948 on the S-II 
Stage, 548 on the S-IVB stage, and 337 on the Instrument Unit. Of these 
2687 measurements, 45 failed in flight, resulting in an overall measuring 
system reliability of 98.3 percent. Fifty-six measurements were waived 
prior to the automatic countdown sequence, 37 were partially successful, and 
ll had insufficient range. Seventeen of the waived measurements provided 
good data during flight. A summary of vehicle measurements is presented in 
Table 19-1]. 


Table 19-1. Vehicle Measurements Summary 


"cere cs ee S-IVB INSTRUMENT] TOTAL 
STAGE STAGE | STAGE | UNIT | VEHICLE 


. Schedule 
. Waived 
. Failures 


No. Partial 
Successes 


Measurement 
Reliability 





* See Table 19-2 
19.2.1 S-IC Stage Measurement Analysis 


There were 872 flight measurements scheduled for the S-IC stage. Of these, 
18 measurements were waived prior to the automatic countdown, 22 failed in 

flight, 27 were partially successful, and 9 had insufficient range. Eleven 
of the waived measurements provided useful data during flight. Based upon 

854 measurements active at the start of automatic countdown and 22 failures 
during flight, the reliability is 97.4 percent. Measurements waived prior 

to launch, measurement failures (including partial failures), and measure- 

ments of insufficient range are summarized in Tables 19-2, 19-3, and 19-4, 

respectively. 


19.2.2 S-II Stage Measurement Analysis 


There were 957 flight measurements scheduled for the S-II stage. Of these, 
nine measurements were waived prior to the automatic countdown. Ten failed 

in flight, four were partially successful and one had insufficient range. 

Six of the waived measurements provided useful data during flight. Based 

on 948 measurements active at the start of automatic countdown and 10 failures 
during flight, the resultant reliability is 98.9 percent. Measurements 

waived prior to launch, measurement failures (including partial failures), 

and measurements with insufficient range are summarized in Tables 19-2, 19-3, 
and 19-4, respectively. 
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Table 19-2. Measurements Waived Prior to Launch 


q MEASUREMENT } | 2 | 
i NUMBER} MEASUREMENT TITLE ; : 7 


A001-118 | NER 802737, waiver LIA-10 partly 
i valid data good at separation 







NATURE OF FAILURE 





















Measurement install- 
ation not according to 
drawing. 


Spot weld on ther- 
mocouple inside fin 
broken, 


Spot weld on ther- 
mocouple inside fin 
broken. 


Defective trans- 
ducer in LOX tank. 
Could not be re- 
placed. 


Acceleration, longitudinal 



























C102-112 / NCR 010729, waiver LIA-7 invalid 


data. 


Temperature, skin interna] 
Fin 8 




















C103-112 Temperature, skin internal 


7 NCR 010731, waiver LIAs7 invalid 
Fin B 2 


data. 













C120-119 Temperature, LOX tank 


|NCR 3648, waiver LIA-6 invalid 
ullage 


data 






























C132-101 Temperature, heat ex- 


7 NCR 011064, waiver LIA-11 valid 
changer bellows 


data up to liftoff. 


Located under engine 
insulation. Failure 
mode could not be 
determined. 


Located under engine 
insulation. Dead 
band in transducer 
potentiometer. 


Transducer bias 
shifted below tele- 
metry zero level 


Transducer bias 
shifted below 

telemetry zero 
level. 


Transducer bias 
shifted below 

telemetry zero 
level. 

































| NCR 0110076, waiver LIA-12 valid 
; data after liftoff. 


DO27-101 


Pressure, surface outboard 
engine 





























DV119-101 Pressure, differential, 
engine gimbal system 


filter manifold 


Pressure, differential, 
engine gimbal system 
filter manifold 


g7NCR 011047, waiver LIA-9 valid 
1 data. 










|NCR 011040, waiver LIA-9 valid 
i data. 


0119-102 



























NCR 4781, waiver LIA-13 valid 


D119-103 
i data. 


Pressure, differential, 
engine gimbal system 


filter manifold 





























I NCR 011163, waiver LIA-16 invalid | 
data. : 


Transducer bias 
shift and erratic 
data during CDDT. 


Located under engine 
insulation. Failure 
mode could not be 
determined. 


Broken mounting 
stud. 


D119-104 Pressure, differential, 
engine gimbal system 


filter manifold 


Vibration, yaw actuator, 
pitch 















{NCR 020118, waiver L1IA-20 invalid | 
i data. 


E033-102 


























NCR 020117, waiver LIA-21 invalid 
7 data. : 


£036-103 Vibration, combustion 
chamber dome, longi tu- 


dinal 


Vibration, LOX inboard 
tunnel, pitch 


















Transducer not 
qualified for 
flight use. 


Transducer not 
qualified for 
flight use. 


Transducer not quali- 
fied for flight use. 


Transducer not 
qualified for 
flight use. 


i Transducer not 
i qualified for 
| flight use. 

Transducer not 


qualified for 
flight use. 


E084-117 | | NER 6430, waiver L1A-1 valid data. | 

















E085~-117 Vibration, LOX inboard NER 6430, wafver LIA-1] valid data. 


tunnel, yaw 






























NER 6430, waiver LIA-1] valid 
7 data. 


NER 6430, waiver LIA-1 valid 
i data. 


Vibration, LOX inboard 
tunnel, pitch 


Vibration, LOX inboard 
tunnel, yaw 


E086-117 











E087-117 




























NER 6430, waiver LIA-1 valid 


Vibration, LOX inboard 
data. 


tunnel, pitch 


E088-117 


















NER 6430, waiver LIA-1 valid 


Vibration, LOX inboard 
j data. 


tunnel, yaw 


E089-117 
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Table 19-2. Measurements Waived Prior to Launch (Continued) 


| MEASUREMENT | : 
| NUMBER MEASUREMENT TITLE NATURE OF FAILURE REMARKS | 


Gave valid data during flight. 


A003-206 Body modal rad. aft Intermittent 
skirt accel. steady 


state 


Body modal lat. aft 
skirt accel. steady 
state 


Body modal lat. fwd 
skirt accel. steady 
state 
























A004-206 Intermittent 



















AQ07-206 No RACS 













C032-204 E4 main oxidizer 


valve temp 





































DOO8B-202 £2 LOX turbine inlet Not operational 


press 

































0016-203 E2 start tank press RACS low out 












D021-203 E3 helium tank press RACS high out 


















0021-204 Consistently 


E4 helium tank press 
140 psi tow 



























D092-203 






—3 engine inlet LH? 
press 


RACS high out 









Event - oxid SOV chill No indication 


system ~ Cl 


K139-424 


Probable ground equipment 
problems. 


Gave valid data during flight. 


Probable ground equipment 
problems. 


Gave valid data during flight. 


Probable ground equipment 
problem. 


Waived by PBC No. M0010 trans- 
ducer was shorted to the struc- 
ture and a dummy bridge inserted 
in the signal conditioner chassis. 


Measurement not a red tine 


and comparison data could be 
obtained from same measure- 
ment on engine 5. No valid 


data. 


Waived by NAR 4, the trans- 


ducer was not operational 
during CDDT and a change 
could not be made because 
of schedule constraints. 
Measurement not a red line 


and not considered essential 
in evaluating primary engine 
performance. No valid data. 


Gave valid data during flight. 


Probable ground equipment 
problem. 


Gave valid data during flight. 


Probable ground equipment 
problem. 


Waived by NAR 5. Did not meet 
specs and criteria document, 
Is a backup for 0015-204 which 


is a red line and provided 


usable data. No valid data. 


Gave valid data during flight. 
Probable ground equipment problem. ; 


Micro switch out of 
adjustment. 


* In addition, one measurement was inactive, and 27 measurements were deleted from incentive 
considerations by installation of the anti-flutter kit on the forward skirt. 
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| MEASUREMENT 
| NUMBER 


Table 19-3. Measurement Malfunctions During Flight 






MEASUREMENT TITLE | NATURE OF FATLURE TIME REMARKS 


[ FAILURE 
{(RANGE TIME) 










TOTAL MEASUREMENT FAILURES, S-IC STAGE 





















Damaged cable noted 
prior to flight. Did 
not have time to 
replace. 


Probable failure was 
wire to foil broken 
and wire shorted to 
heat sink. 


Appears to be open 
transducer , 


Prior to 
Flight 


Temperature, engine Damaged cable 
gimbal system 


return, yaw actuator 


CO10-104 


























C018-101 





Reading low and 


Temperature, 
trend not as expected} 


engine total 
calorimeter 


Liftoff | 












































Liftoff } 





Data erratic through- 
out flight 


C039-115 Temperature, heat 
shield forward 


surface 













Liftoff 









Apparent short of 
thermocouple cable 
between transducer and 
zone box. 


Excessive transducer 
zero shift. 


Reading low and trend: 
not as expected 






C048-101 Temperature, ambfent 


engine compartment 
















Data trend higher 
than expected 


Data trend low, PSD 
not as expected 


High amplitude, low 
frequency noise 


D048-106 Pressure, air 


scoop 


Vibration, yaw 
actuator, pitch 













Liftoff j 





Liftoff | 







No static firing 
failure history. 


ECP0333 changes out 
transducer. 


EQ33-101 













Vibration, com- Liftoff 


bustion chamber 
dome 


E036~-101 

























E036-103 {| Vibration, combus- Liftoff 


tion chamber dome 


High amplitude, Tow 
frequency noise 
High amplitude, low 
frequency noise , 


ECP0333 changes out 
transducer. 


ECP0333 changes 
out transducer. 

















E036-104 } Vibration, combus- 
i tion chamber dome, 


‘Tongi tudinal 







Liftoff 


























ECP0333 changes 
out transducer. 


High amplitude, low | 
frequency noise 


E036-105 Vibration, combus- 
tion chamber dome, 


longitudinal 


Vibration, LOX 
pump inlet flange, 
iongitudinal 


Vibration, LOX 
pump inlet flange, 
radial 


Vibration, fuel 
pump inlet flange, 
radial 


Vibration, fuel 
pump flange, 
longitudinal 


Vibration, fuel 
pump flange, 
longitudinal 


Vibration, fuel 
pump flange, 
Tongi tudinal 


Vibration, fuel 
pump flange, 
longitudinal 







Liftoff 3 























E037-101 No similar static 


firing failure history. 


High amplitude data 
below 500 cps 





Liftoff 






















No similar static 
firing failure history. 


High amplitude data : Liftoff } 


below 500 cps 


E038-101 

















E040-103 Liftoff ECP0333 changes out 


transducer. 








High amplitude, low | 
frequency noise 



















ECP0333 changes 
transducer. 


High amplitude, low | 
frequency noise 


EQ41-101 





Liftoff 



















Liftoff | 








£041-102 


call 


ECP0333 changes 
transducer. 


High amplitude, 
frequency noise 








OW |} 



















E041-104 Liftoff ECP0333 changes 


transducer. 


High amplitude, low 3 
frequency noise 

























— 


High amplitude, 
frequency noise 


Ow ECP0333 changes out 


transducer 





E041-105 j Liftoff 





















High amplitude, low j Liftoff } ECP0333 changes 







E042-102 





Vibration, fuel 
































pump flange, radial frequency noise transducer 

E042-104 Vibration, fuel High amplitude, low Liftoff } ECP0333 changes out 
pump flange, radial frequency noise transducer 

E042-105 { Vibration, fuel High amplitude, low { ECP0333 changes out 


Liftoff 


pump flange, radial frequency noise transducer 
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Table 19-3. Measurement Malfunctions During Flight (Continued) 





| MEASUREMENT MEASUREMENT TITLE 


NUMBER 





NATURE OF FAILURE | DURATION REMARKS 
| 9 SATIS. 







{ FAILURE { OPER, 
K RANGE TIME) } 







TOTAL MEASUREMENT FAILURES, S-IC STAGE (Cont.) 
£046-120 | | 






| Measurement failed 
during ME-O1 RACS 
checked at -20 min, 


Failure noted on 
MT-O1 at -I2 hrs. 


Vibration, destruct 4 Loss of data 7 Prior to} 
system mounting : flight 
panel, radial 































$049-112 






Prior to 3 
flight 


Strain, main 


Data shifted below } 
spar : 


expected level 










MEASUREMENT FAILURES, S-II STAGE 
No output Liftoff 
















No data for entire 
flight 


C853-218 El LHo feedline 


Q mid 


LH2 tank insulation 
surface temp 


E5 engine regulator 
outlet press. 


Ullage rocket # 8 
chamber press. 


LHo tank insulation 
external press. 













C893-218 Shorted 


transducer 


Liftoff 
























0012-205 Erratic Liftoff | Data missing for 


Tong periods. 


Reads 250 psi high 
prior to separation 























060-200 Reads high Liftoff 

















0131-218 Insensitive Liftoff 4 


transducer 


Press. remains essentially 
constant with altitude. 
Insulation allows sensing 
line to become plugged. | 
Ingtallation to be changed, } 


Press remains constant 
{with altitude. Insula- 
tion allows sensing line 
to become plugged. Instal- 
7 lation to be changed. 






















0134-218 Insensitive 


transducer 


LHo tank insulation 
external press 



























EQ012-206 Long. vibration Low readings 


El beam at pin 


Radial vibration fwd 
skirt stringer 


Radial vibration fwd 
skirt stringer 


Radial vibration con- During S-IC | 
trol upper bracket Firing : 


TOTAL MEASUREMENT FAILURES, S-IVB STAGE PHASE I 


Signal off scale Liftoff} 
high 
Signal off scale 
high 

Remained at 
8.96 N/cm2 (13 psia} 


Incorrect 
press ind. 


Liftoff. 















£081-214 No output Liftoff i Appears cables are bad. 
























E084-219 No output Liftoff} 











E1%7-228 Spikes 











7 Temp patch appears 
to have opened. 


C121-419 Temp-aft interstage 4 



















C153-401 Temp engine LOX Not properly ranged. 


pump surface 











| Plugged inlet. 


DI95-419 Press ext aft 


interstage 17 






Appears that sense line 
is open or damaged; 
1 apparently measuring 
1 internal interstage 
j pressures. 


D196-419 Press ext aft 


interstage 18 


















7 Open circuit in trans- 
ducer electronics. 


0210-402 Press interstage 


internal 6 


Data goes to 


Liftoff } 
zero 
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Table 19-3. Measurement Malfunctions During Flight (Continued) 


NATURE OF FAILURE 





MEASUREMENT 4 MEASUREMENT TITLE 


NUMBER 














Temp fuel tank Off scale high 
external -1 


(075-409 

















C077-409 Temp fuel tank 


external -3 


Off scale high 










CO78-409 Temp fuel tank Off scale high 


external -4 









C079-409 Temp fuel tank 


Off scale high 
external ~5 









C106-409 Temp fuel tank Off scale high 


external -6 


Temp main hyd. 
pump flange 

















C217-401 Off scale low 










D181-409 Press fuel tank Erroneous 
continuous indications 
vent | 










Erroneous 
indications 


Press fuel tank 
continuous vent 2 


0182-409 




















$056-426 Strain-axial fwd skirt 


location 11A 


Strain-axial fwd skirt 
location 128 


Strain-axial fwd skirt 
location 16A 







No response off 
scale high 










S059~426 No response off 


scale high 








S066-426 No response off 


scale high 


BOO2-115 








flush mounted zero at 104 sec 


Acoustic, skin 
flush mounted 






B003-118 High amplitude, 


low frequency 











Data becomes er- 
ratic at 20 sec, 


C003-103 Temperature, 


turbine manifold 

















C004-119 Data noisy & er- 


ratic from 0-12 


Temperature, LOX 
bulk 


Temperature, heat 
shield forward 
surface 













Sudden d2crease 
indicated temper 
ature at 5 Sec. 
Data trend low f 
i the renainder of 
i flight 


C042-115 
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TOTAL MEASUREMENT FAILURES, S-IVB STAGE PHASE II 













Data decreased to 


noise after 10 sec 


goes off at 41 sec 







DURATION 






800 sec 


Until 
800 sec 


Until 
800 sec 


Until 
800 sec 























Until 
800 sec 









Until 
800 sec 



















| 140 sec | 
sec | | 


in 7 5 sec 





or 














REMARKS 










OK during boost and 
S-IVB first burn off 

scale high at start of 
second burn 


















OK during boost and 
S-IVB first burn off 
scale low at start of 
second burn. 













The parameters displayed 
acceptable performance 
during S-IVB first burn 

and engine cutoff. During 
orbital periods they dis- 
played unrealistic bias. 
These bias are apparently 
due to the transducers 
being subjected to tempera- 
tures lower than they were 
qualified for. Specifica- 
tion for these units is 
78°K (-320°F). They ex- 
perienced 29°K (~406°F) 
temperatures during orbital 
periods. 























These measurements oper- 
ated satisfactorily 
during first burn and 
drifted off scale high 
during orbit. This was 
apparently due to the 
temperature comp. limits 
being exceeded. (Note 
these are two active arm 
strain gauge bridges. ) 
































Probable transducer or 
cable failure. 


Appears to be random 
failure after 15 sec. 

No static firing failure 
histories. 







Appears to be random 
transducer failure. 








Valid data after 12 sec. 



















Spot weld holding trans- 
ducer to structure appears 
to have failed causing 
transducer to read am- 
bient compartment 
temperature . 





| MEASUREMENT | 


Table 19-3. Measurement Malfunctions During Flight (Continued) 

















TIME OF {DURATION REMARKS 
FAILURE 
(RANGE 3 


! TIME) | 
PARTIAL MEASUREMENT FAILURES, S-IC STAGE (Cont. ) 
} 1 80 sec | 


MEASUREMENT TITLE NATURE OF FAILURE 






NUMBER 
















Data trend erratic 80 sec 
after 80 sec. Off 


scale high and low 


C044-101 






Apparent random zone 
box failure. 


Temperature, ambient 
engine compartment 





































115 sec Possible zone box 


failure. 


C081-117 Data goes off scale 115 sec : 


high at 115 sec 


Data erratic from -3 
to 12 sec and 62 to 
78 sec 


Temperature, fuel 
tank skin 





















-~3 $ec 126 sec : 


and 


Appears to be connec- 
tor problem. ECP 0241 
establishes FIX. 


Appears to be connec- 
tor, 


C121-119 Temperature, LOX 


tank ullage 















Data erratic from-3 124 sec 
to 15 sec and 56 to 


85 sec 


122-119 Temperature, LOX 


tank ullage 

















































112 sec Spot weld holding 
transducer to struc- 


ture apparently failed. 


Data shifts and becomes 
erratic after 112 sec 


C162-115 Temperature, heat 
shield forward 


surface 



















Sudden increase in 
indicated temperature 
at 28 sec 


C173-119 Indicates possible tab- 
to-structure bond 
failure. Problem 


under investigation. 


Probable tab-to- 
structure bond failure. 
Problem under investi- 
gation. 


Probable tab-to-struc- } 
ture bond faiture. Prob- } 
tem under investigation. 3 


Temperature, LOX 
tank skin 





















Data goes abruptly off 3 
scale high then low at } 
33 sec 


C176-119 Temperature, LOX 


tank skin 

















Data erratic after 
67 sec 


C178-119 Temperature, LOX 


tank skin 






















Data erratic after 
55 sec 


Data decreases 
abruptly to zero 
at 75 sec 


Data goes off scale 
high at 7 sec 


Temperature, calori- 
meter body 


C240-106 Appears to be connector 


problem. 







Random failure. No 
static firing failure 
history. 


Pressure, GNo sphere, 
control pressure 
syste 


DO88-115 






















0150-115 Apparent transducer 
failure. Redundant 


data on D127-415 


Apparent transducer 
failure. Redundant 
data on 0131-115. 


Apparent sticky 
potentiometer wiper 
arm on transducer. 


ECP0333 changes out 
transducer. 


Pressure, LOX 
pump inlet, high 
frequency 


























DIS1-115 : Data goes off scale 


high at 66 sec 


Pressure, LOX pump 
inlet, high 
frequency 

























D159-115 Data decreases in 


steps after liftoff 


Pressure, thermal Liftoff 


conditioning purge 






























E036-102 High amplitude, low jLiftoff 
frequency noise on 
some power spectral 


densities 


Vibration, .combus- 
tion chamber dome, 
longitudinal 



























135 sec } 





Power spectral densi- 
ties after 19 sec 
valid, ECP0333 changes 
out transducer. 


£042-101 First power spectral 
density at -2 to -] 
seconds shows high 


amplitude, low freq. 


Vibration, fuel 
pump flange, radial 






























128 sec Power spectral densities 
after 24 sec yalid; 
ECP0333 changes out 


transducer. 

RACS check showed sig- 
nal conditioner gain 
decrease. Data can be 
corrected. 


E042-103 4 Vibration, fuel 


pump flange, radial 


Power spectral densi- 3 
ties at liftoff and 24 } 
seconds show high 
amplitude, low freq. 


Data reading low 































Flowrate, LOX heat 
exchanger inlet, D.C. 4 


FO44-101 





















FO49-115 | Flowrate, joint leak-} 110 sec | 


age, PVC aft flange 


Data off scale high 
from 62 sec to 105 
sec 
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Table 19-3. Measurement Malfunctions During Flight (Continued) 


MEASUREMENT 
NUMBER 












MEASUREMENT TITLE 






NATURE OF FAILURE 







TIME OF DURATION 
FAILURE { SATIS. 
(RANGE 4 OPER. 
TIME ) 


PARTIAL MEASUREMENT FAILURES, S-IC STAGE (Cont. ) 


Segment identification, } 
position II and IV 


REMARKS 






























LO1O-119 Erratic switching on 


Postion II discrete 
sensors after segment 
number 7 


| Appears to be random 
failure. 











5023-118 







Strain, intertank 
skirt, longitudinal 


Turbopump RPM 





Data trend not as 


i Appears to be random 
expected after 80 


1 failure 





80 sec : 









TOO1-101 i Threshold on signal condi- 


tioner set low. Noise trig- 
gers signal conditioner ; 
causing erratic data. Thresh-. 
old level to be increased. 


Erratic data between 2 Liftoff 


liftoff and 80 sec 























Erratic data between d Liftoff 





i T-001-102 } Turbopump RPM “4 Same as TOOT-010. ECP | 
| i liftoff and 73 sec will be submitted. 
: PARTIAL MEASUREMENT FAILURES, S-I1 STAGE : 





B004-200 Aft internal acoustic Unknown spikes -4 After S-I¢ 





liftoff 3 
C683-206 Heat shield aft Data drops to zero 240 sec | Appears transducer 
surface temp 7 opened. 
C649-206 02 press regulator s Erratic, step change 4280 sec 7 Data step to 589°K 
7 out temp 3 (600°F) and erratic. 
C864-200 4 Ullage rocket | Data loss 185 sec : 
; #7 fair surface temp : : 
C139-217 # LOX common bulk- Intermittent : | Transducer inter- 
7 head surface temp : i mittent open. 
C820-219 4% Forward skirt Large dropouts Prior to 
heat rate S-II 
| {ignition | : } 
PARTIAL MEASUREMENT FAILURES, INSTRUMENT UNIT } | 
f CO021-603 4 ST-124M methanol/ i Instantly dropped 180 to {More than 
water exit tempera- from normal 291° to 412,390 : 80 


ture 273° to 303°K 272°K (64° to 30°F) 
(32° to 86°F) ? for 3 sec then went 
4 to 273°K { 32°F) for 
remainder of flight 
until 12,390 sec 
when normal readings 
; resumed. | | ; 
(023-603 | Cold plate exit 4 = Operated thru launch. 3 f i No data is yet avail- 
7 coolant temperature 1 Off scale high at 7 7) able between 700 and 
273° to 303°K (32° 11,1700 sec, but erra- | 7 171,100 sec. 
to 86°F) tic until it failed at 
11,495 sec, at start 
of S-IVB second burn. 
Data scattered toward 
high temp. limit for 
105 sec. It then oper- 
ated normally for 115 } 
sec when indication 
went off scale high 
until 12,390 sec when 
normal readings re- | 
; sumed. ; : 
C024-603 LVDA/LVDC methanol/ i Temperature indica- } 4More than 
3 water exit tempera- i tion suddenly went 80 
ture 273° to 303°K i to 305°K (90°F) and 
(32° to 86°F) i remained there until 
12,390 sec when nor- 
mal readings resumed 


CO066-601 ¢% Battery No. 3 inter- OK to 90 sec. Data 
i nal temperature scattered for about 
273° to 333°K 20 sec before it 
(32° to 140°F) i dropped to 273°K 
i §6(32°F) at about 105 
sec. Normal readings ; 
resumed at 12,390 sec 
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Interaction was noted on temperature measurements in 11 of the 15 bridge 
chassis. Temperature measurement interaction occurs whenever a transducer 
fails or there is a rapid change of state on a measurement, and the effect 
of the failure or change is observable on all other temperature measure- 
ments common to the same power supply. The cause of the interaction has 
been isolated to a capacitor grounding scheme in the filter module section 
between the individual bridge modules and the common power supply of the 
temperature bridge chassis. Although the problem has not seriously affect- 
ed the usefulness of the data, it is an undesirable condition. Corrective 
action will be made on S-II-2 and subsequent stages to change the capacitor 
grounding scheme in the filter modules on each bridge chassis. 


The measurement interaction also affected the temperature bridge power 
supply voltage measurements but did not affect the usefulness of the data. 
Eleven of the 15 voltage measurements were affected. 


a ae A number of temperature measurements did not experience the predicted 

re a temperature environment during the flight. As a result, these measurements 

ee ae. provided only a minimum of usable data. These measurements are being 
investigated for range changes on subsequent stages. 


The fuel pump inlet temperature measurement on engine No. 2 failed to come 
into the starting box prior to launch. This problem will be resolved on 
subsequent vehicles by the deletion of the recirculation delta temperature 
measurements which contributed to the problem. 


The acoustic environment during liftoff and through the MACH 1 and maximum 
Q portions of the flight was lower than predicted. The feasibility of 
measurement range ard location changes is presently under investigation. 
One acoustic measurement (B004-200) was listed as a partial measurement 
failure because of unexplained spikes in the data after S-IC liftoff. 
Complete analysis of this measurement is dependent on the completion of 
power spectral density plots. 


A group of pressure measurements went to or near the full scale limit dur- 
ing flight. This condition had been noted previously on static firing 
tests. Range changes are being investigated to correct this problem. 


19.2.3 S-IVB Stage Measurement Analysis 


There were 577 flight measurements scheduled for the S-IVB stage. Of these, 
one measurement was waived prior to the automatic countdown, 27 measurements 
were deleted from incentive considerations by installation of the anti- 
Flutter kit on the forward skirt and one measurement was inactive. During 
Phase I (liftoff to parking orbit insertion) there were five measurement 
failures. During Phase II (liftoff to S-IVB/Spacecraft separation) there 
were eight additional failures. Of the 27 measurements that were removed 
from incentive consideration, three failed in the orbital period. Based 
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upon 548 measurements active at the start of automatic countdown and five 
failures during Phase I, the measurement reliability for this period was 
99.1 percent. Based upon 548 measurements active at the start of automatic 
countdown and 13 failures during Phase II, the measurement reliability for 
this period was 97.6 percent. Measurements waived prior to launch and 
measurement failures are summarized in Tables 19-2 and 19-3. 





Six of the temperature measurement failures appeared to be caused by temper- 
ature patch debonding. The original temperature patch installations on 
S-IVB were fiberglass supported platinum wire units bonded to the structure 
and potted for mechanical protection. Early static firing acceptance test- 
books oe ing proved this method to be unreliable at cryogenic temperatures and a 
er ee new installation method was devised utilizing ceramic supported platinum 
3 | wire units bonded to the structure with a swath of fiberglass cemented 
over each patch for mechanical protection. This method proved successful 
and all new temperature patch installations were made using this method. 
All installations on the interior of the LH? and LOX tank were reworked 
to the new installation. External installations were reworked on an as- 
they-failed basis. As a result, most of the external temperature measure- 
ments on AS-501 were still of the old installation at liftoff, and debond- 
ing is believed to be the cause of the failures. 


The failure of pressure measurements D181-409 and D182-409 (press-fuel 

tank continuous vent, one and two respectively) is of particular signifi- 
cance. These measurements, prior to S-IVB engine restart, were interpreted 
as indicating a gas flow in the continuous vent system after the continuous 
vent control valve had been commanded to close. This resulted in several 
ground commands, presented in Table 2-4, being issued to close the valve, 
as discussed in paragraphs 7.5 and 7.10.1. The transducers used for these 
measurements had a range of 0 to 17.24 N/cm¢ (25 psia). Similar trans- 
ducers with a range of 0 to 34.47 N/cm@ (50 psia) were qualified to a low 
temperature of 77.6°K (-320°F) with an accuracy of + 2.8 percent full scale. 
Except for their range, both units are of identical construction. They 
were designed to operate to a low temperature of 22°K (-420°F); however, 
all attempts to qualify these units for reliable data at temperatures 

below the specification limit of 77.6°X (-320°F) were unsuccessful. Quali- 
fication test data indicated that temperature compensation diverged sharply 
from unit to unit at temperatures below 77.6°K (-320°F) due to erratic char- 
acteristics, at these lower temperatures, of the Balco wire used in the 
temperature compensation circuits. Temperature data from locations near 
the transducers used for measurements D181-409 and 0182-409 indicated 

that the transducers were subjected to temperatures approaching 29°K 
(-406°F). Examination of flight data indicated that the transducers were 
subjected to temperatures approaching 29°K (-406°F). Examination of flight 
data indicated that transducer outputs began diverging and drifting out of 
tolerance as soon as they were cooled below 77.6°K (-320°F). This cor- 
relates closely with previous experiences in qualification testing and is 
believed to be the cause of the anomaly. This problem will be eliminated 
on future stages by relocating the transducers, which are mounted directly 
on the vent lines. 


ea a ar ae ern ee ate Eee ee a Sele nT ee ee er ee 
T. Douglas Aircraft Test Report Number TM-DSV-4B-EE-R-5537, paragraphs 
5.2.2.2 and 5.2.2.3, pages 46 and 47, and addenda C-106 through C-110. 
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19.2.4 Instrument Unit Measurement Analysis 


There were 33/7 flight measurements scheduled for the Instrument Unit. No 
measurements were waived prior to the automatic countdown, none failed in 
flight, and four were partially successful. Based upon 337 measurements 
active at the start of automatic countdown with zero failures during 
flight, the resultant reliability is 100 percent. Partial measurement 
failures are summarized in Table 19-3. 


Three measurements failed during the high vibration period from 80 to 90 
seconds. Measurement C023-603 experienced a data dropout from 81 to 83 
seconds, failed prior to S-IVB stage second burn, recovered, became erratic, 
and failed again at S-IVB stage reignition. All four measurements became 
valid again at approximately 12,390 seconds coincident with a 1.2°K spike 

in IU internal ambient temperature (C036-601) and LV/SC separation. 


Vibration appeared to be the probable cause of failure of three of the 
measurements. Poor connections somewhere in the measuring system appeared 
to be the underlying cause for all four measurement failures. The exact 
nature of the failure has not been determined. 


19.3 AIRBORNE TELEMETRY SYSTEMS 


There were 23 telemetry links used to transmit flight data on the AS-501 
launch vehicle: six on the S-IC stage, six on the S-II stage, five on the 
S-IVB stage, and six on the Instrument Unit. Performance of the telemetry 
system was generally satisfactory. 


There were approximately 5.3 to 7.8 seconds of real time data lost on all 
S-IC stage telemetry links. Critical data were recovered, however, by air- 
borne tape recorder playback covering these periods. S-IC stage link AF-1 
experienced a considerable reduction in RF power at 158.4 seconds which 
lasted until loss of received radio signals (410 seconds). Data were lost 
at CIF and GBI; however, the data were recovered by the airborne recorder 
playback received at Cape TEL 4. Numerous noisy time periods occurred in 
the recorder playback of S-II stage telemetry link BF-]. This anomaly was 
caused by low signal level at Bermuda. All VHF telemetry links were lost 
in the vehicle for approximately 0.6 to 1.0 second due to S-IC/S-II staging 
effects. These dropouts were anticipated and data recovery was made via 
tape recorder playback except for data lost on the S-II stage BF-1 link. 
With the exceptions noted above, all the telemetry links performed as 
expected. A summary of the telemetry system performance is shown in Table 
19-5. 


19.3.1 S-IC Stage Telemetry System 


There were six telemetry links used to transmit flight data on the S-IC 
Stage: three PAM/FM/FM links, two SS/FM links, and one PCM/FM link. 
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_—" 19-5. AS-501 Launch Vehicle Telemetry Links 


eer FLIGHT PERIOD 
LINK (MHz) MODULATION STAGE | (RANGE TIME, sec) PERFORMANCE SUMMARY 


PAM/FM/FM Satisfactory. AF-1 had a sharp 
decrease in sianal strenath 158.4 
to 410 sec. (Ref. 19.3.1) 


Data Dropouts 


Range Time (sec) Duration (sec) 












PAM/FM/FM 








} PAM/FM/EM 






1 PCM/EM 










136.5 2.0 

: 151.2 T25 

: SS/FM 154.5 1.5 

| | Approx, 157.5 OFS t0-2.75 

: en dependent on 
link 













Satisfactory except for noisy play- 
back of BF-1] as received at Bermuda. 
(Ref. 19.3.2) 


Data Dropouts 


1 PAM/FM/FM | 0-756* 

















| PAM/FM/FM 0-756 














0-756* 





| PAM/FM/EM 











: Ranae Time (sec) Duration (sec) ; 
| PCM/FM 0-756% 151.5 0.6 to 1.0 












| SS/FM 0-756* 






0-/56* 













| SS/FM 





PAM/FM/FM Full Duration 






| Satisfactory. Link CP-1 did not 
| experience this data dropout at the 
| TEL 4 station, (Ref. 19.3.3) 


Data Dronouts 


! Range Time (sec) Duration (sec) 


to lb.5 0.6 to 1.0 









PAM/FM/FM Full Duration 
















PAM/FM/FM Full Duration 











Full Duration 





| PCM/FM 










Fult 





; SS/FM Duration 











Satisfactory. 


Data Dropouts , 
Range Time (sec) Duration (sec) : 


151.5 1.0 
S-II Retro Firing 1.0 


Duration 





| FM/FM 















Duration 





| PAM/EM/EM 













: SS/FM Duration 











| PCM/FM Duration | 









PCM/FM Duration 


Duration 





| ccs 






* Only 756 seconds of data were assessed. 
Powered flight ship data not included. 
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Transmission of data from all six S-IC links was generally satisfactory 
during flight with the exception of four Significant data dropout periods. 
The first data dropout occurred at approximately 136.5 seconds and lasted 
for approximately 2 seconds. This dropout is yet to be explained. Three 
other periods of data loss occurred at 151.2 seconds (1.5 seconds), 154.5 
seconds (1.5 seconds), and approximately 157.5 seconds (0.15 to 2.75 
seconds); the first two periods were associated with S-IC/S-II Staging and 
S-II stage ignition, respectively, and the third period is as yet unexplain- 
ed. Data from the AF-1 and AF-2 links were recovered from the airborne 

tape recorder playback. 


Link AF-1 experienced a considerable reduction in RF Output power at 158.4 
seconds which lasted until loss of received radio Signal at 410 seconds. 
The cause for the reduction of signal strength was believed to be a partial 
failure of the RF assembly or the cable from the power amplifier to the 
VSWR monitor. The incident power measured by the VSWR monitor decreased 

to less than 1 watt at this time with a simultaneous decrease in reflected 
power, indicating that no anomaly occurred with respect to the antenna sub- 
system. This reduction in RF power caused loss of data at the CIF ground 
Station but did not cause loss of data at TEL 4 ground station. This was 
because of the higher gain antenna at TEL 4. The airborne tape recorded 
data received at TEL 4 during this period were satisfactory. The RF 
incident power, as indicated by the VSWR monitor for link AP-1, was 11.6 
watts during flight. However, watt meter RF power measurements made on 
this link prior to flight indicated an output power of 16.1 watts, whereas 
a simultaneous VSWR monitor measurement indicated 11.1 watts. This indica- 
tion is within VSWR monitor specifications. 


Noise analyses were performed on telemetry data recorded on magnetic tapes 
at the CIF and TEL 4 ground stations. With the exception of the periods of 
RF dropouts, the 3 sigma noise was less than 3.2 percent of full scale for 
all six telemetry links, based on TEL 4 data. 


Calibration of the subcarrier oscillators, Tow frequency sampled data chan- 
nels, and high frequency single sideband channels was conducted Satisfac- 
torily twice during flight. These calibrations took place as scheduled 
beginning at 25.21 seconds and 115.21 seconds. Each of the five step levels 
initiated by the inflight calibrator was applied to the proper data chan- 
nel for a period of approximately 140 milliseconds. The duration of each 
2/0 channel multiplexer calibration equaled the prescribed 83.3 milli- 
seconds. Each calibrate level from both the inflight calibrator and 
multiplexer calibrators was well within 0.5 percent of full scale at the 
specified level. The frequency of the Single sideband inflight calibration 
was approximately 1700 hertz and calibration magnitudes were approximately 
40 percent of full scale. Each Single sideband link was calibrated for a 
period of approximately 1.5 seconds. No data channels were out of calibra- 
tion. 


A summary of telemetry system performance is shown in Table 19-5, 


19-15 


19.3.2 S-II Stage Telemetry System 


an There were six. telemetry links used to transmit flight data on the S-Il 

oe stage: three PAM/FM/FM links, two SS/FM links, and one PCM/FM link. 

ie Transmission of data from all six S-II links was satisfactory during flight 
except for a 0.6 to 1.0 second period at S-IC/S-II separation (approximately 
151.5 seconds) during which data were lost from all links due to staging 
effects. The data from the BF-1, BF-2, and BF-3 links and selected dis- 
crete data involved in the separation sequence were recorded during these 
periods and played back after S-II/S-IVB separation. GBI received data 
signals through approximately the first 25 seconds of playback while 
Bermuda, although receiving the entire tape recorder playback, had numerous 
noisy time periods on link BF-1. Data from the powered flight ship was of | 
such poor quality because of ground receiver problems that it could not be 
used. All transmitters, multiplexers, and oscillators were operational 
until S-II flight termination. 

ee Selected measurements were evaluated to determine the proper functional 

ae Cee operation of the telemetry equipment to the black box level. All measure- 
ments were operable and indicated proper telemetry equipment operation. 


The encoding accuracy of the PCM was determined by an evaluation of Frames 
9 and 10 of Channel 28 of each time division multiplex (TDM). Frame 9 had 

a 0 volt level and Frame 10 had a 5 volt level. These evaluations were 
made just prior to each inflight calibration period (four periods during 
S-II] flight). The encoding accuracy throughout the S-IT flight was within 
0.5 percent (less than 5 PCM counts). 


Four inflight calibrations were performed on the S-II telemetry system. 
The calibration of the IRIG continuous channels and the TDM's was a five- 
step calibration at levels of 0, 1.25, 2.5, 3./9, and 5.0 volts. An 
evaluation of the PCM decimal counts showed that all levels of calibration 
on the TDM's were within +1 percent. PAM calibration levels were within 
+2 percent with noise spikes up to 3 percent on BF-2 and BF-3 and up to 

+5 percent on BF-1. These values were obtained from tapes received from 
KSC. GBI tapes were much quieter and are being further analyzed for 
accuracy and noise. 3 


The SS/FM calibration is a single discrete frequency of 1/00 hertz. Total 
evaluation of the SS/FM calibrations could not be made due to the lack of 
SS/FM data from GBI and the Powered Flight Ship. Correlation of the first 
two calibrations received at TEL 4 and the three received at Bermuda indi- 
cated that the SS/FM was operating properly, and a review of measurements 
indicated that good data were received. A summary of telemetry system 
performance is shown in Table 19-5. 


19.3.3 S-IVB Stage Telemetry System 


There were five telemetry links used to transmit flight data on the S-IVB 
stage: three PAM/FM/FM links, one PCM/FM link, and one SS/FM link. 
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Transmission from all five links was satisfactory during flight except for 
a 0.6 to 1.0 second period at S-IC/S-II separation (approximately 151.5 
seconds) during which data were lost from all links at all Sites, except 
CP-] link at TEL 4. Even though link CP-1 was attenuated at the TEL 4 
ground receiving station, data were successfully processed from this site. 
Data from this link were lost at the other sites. The data from the CF=1, 
CF-2, and CF-3 links were recorded during these periods and played back 
after S-IVB first cutoff. All transmitters, multiplexers, and oscillators 
were operational until S-IVB flight termination. 





Inflight calibrations of the FM/FM systems were successfully accomplished, 
The calibration command necessary to calibrate the Single sideband system 
prior to second burn was not in the flight sequence of events. As a result, 
there were no single sideband calibrations for second burn data. A Summary 
of the telemetry system performance is shown in Table 19-5. 


19.3.4 Instrument Unit Telemetry Systems 


There were six telemetry links used to transmit Flight data in the Instru- 
ment Unit: one FM/FM link, one PAM/FM/FM link, one SS/FM link, one PCM/FM 
link (VHF), one PCM/FM link (S-Band), and one CCS Tink. Transmission of 
data from all Instrument Unit VHF links was satisfactory during flight 
except for a 1.0 second period at S-IC/S-II separation (approximately 151.5 
seconds) and a 1.0 second period at S-II interstage jettison during which 
transmission was lost from some links. The data from the DF-1 and DF-2 
links were recorded during retro motor firing periods and played back after 
S-IVB cutoff. The CCS link lost data during these periods and also lost 
data at 189.5 seconds and at handover. The length of the data loss on the 
CCS was greater than the loss on other links because of ground station 
operational problems. The S-Band PCM/FM link lost data for 0.6 second at 
S-IC/S-II staging. 


All transmitters, multiplexers, and oscillators were operational throughout 
the entire Instrument Unit flight period. Evaluation of selected measure- 
ments indicated proper telemetry equipment operation. Inflight calibra- 
tions were successfully accomplished. 


A summary of telemetry system performance is shown in Table 19-5. 

19.4 AIRBORNE TAPE RECORDERS 

The airborne tape recorders record and store for Subsequent transmission 
portions of data that would otherwise be lost due to flame effects or 
visibility constraints at receiving stations. Performance of all onboard 


recorders was satisfactory throughout the flight. A summary of vehicle 
tape recorders is presented in Table 19-6. 
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Table 19-6. Tape Recorders Summary 


| | / LINK 1 RECORD TIME | 
| RECORDER RECORDED (RANGE TIME) 
| | | _ START STOP 


LAUNCH PHASE 


PLAYBACK TIME 
(RANGE TIME) 
START ‘STOP 















S-IC Recorder 49, 


74032 
482. 


74, 
482. 


134. 
482.12 


S-II Recorder #1] 







S-II Recorder #2 









S-IVB Recorder 











IU Recorder | 134.21 | 
| DF-2 | 481.94 | : | 
ORBITAL PHASE 


1S-IVB Recorder | CP-] 
Playback at: 




















2264, 35 

5311.78 

| 7765** 
10257. 38 


KKK 


2264.15 
5311.78 
7765** 

10257.18 


954.14 | 
2511.14 
5662.15 
8009.35 
1 10541.57 | 


2429.35 | 
5661.95 | 
| 8009.15 | 

10541.37 


Tananarive 















Guaymas 



























Tananarive 











Hawaii 






: Computed value - not confirmed. 


a Programed time. Onsite acquisition did not occur until 
approximately 7825 seconds. 


*kk Not programed for replay. 

19.4.1 S-IC Stage Recorder 

The S-IC stage recorder successfully recorded telemetry links AF-1 and AF-2. 
The tape recorder record command and the playback command occurred as 


scheduled as shown in Table 19-6. The duration of the airborne timer which 
initiates recorder playback was 23.5 seconds and is within specifications. 
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Data were recorded by the airborne recorder for a period of 125 seconds. 
Examination of the playback information from the TEL 4 magnetic tapes 
indicated excellent reproduction of the recorded Signals. 


19.4.2 S-II Stage Recorders 


The two S-II stage tape recorders successfully recorded and played back the 
BF-1, BF-2, and BF-3 telemetry links and selected discrete data pertinent 

to the separation sequence. The discrete data were time division multiplex- 
ed via the BTR multiplexer and the playback transmitted on the BS-1 Single 
Sideband telemetry link. 


The S-II airborne tape recorders and associated hardware performed as 
required and within specification limits except for BF-1 telemetry link 
playback. Grand Bahama Island received Signals through approximately the 
first 25 seconds of tape recorder playback, while Bermuda acquired data 
throughout the total tape recorder playback. The analysis of the tape 
recorder system was conducted primarily on the data obtained from Bermuda. 
Numerous noisy time periods occurred in the Bermuda data playback of BF-1. 


An analysis was performed on the tape recorder data to determine changes 
in data levels due to recording and playback of telemetered data. This 
was accomplished by evaluating oscillograph recordings of continuous chan- 
nels of BF-1, BF-2, and BF-3 and by comparing the PAM decimal counts data 
during final inflight calibration between real time transmission and tape 
recorder playback. The present requirement is that the tape playback 

data shall be within + 3 percent of the real time recorded test data. 


The data on the continuous BF-2 and BF-3 channels appears to vary from real 
time data only to the extent that additional noise was present on the 
Signal. This noise content resulted in a maximum delta in data levels of 
+ 1.25 percent, which is within the required + 3 percent limit. The PAM 
calibration data for BF-2 and BF-3 multiplexers also showed agreement 
between real time and recorder playback. Nominal data level differences 
were four to five decimal counts out of 227 or approximately 2 percent. 

The BIR multiplexer calibration levels were all within the required calibra- 
tion limits of + 200 millivolts. The four calibration Steps of 1.25, 2.5, 
3.7/5 and 5.0 volts showed very close agreement and fell within 50 milli- 
volts. The 0 volt calibration level, however, was noisier and indicated 

a level difference of 100 millivolts. 


The BF-1i continuous channel data and multiplexer data during tape recorder 
playback were very noisy. Approximately 5 to 10 percent of the PAM channels 
were out of the + 3 percent tolerance. Since this noise continued on the 
BF-] data link after the tape recorder playback was switched off and real 
time data transmission was resumed, it appears at this time that the 
problem was not associated with the operation of the tape recorder equip- 
ment. This problem is presently under investigation. Table 19-6 sum- 
marizes the inflight S-II tape recorder operation. 








19.4.3 S-IVB Stage Recorder 


The S-IVB stage tape recorder successfully recorded and played back the 
CF-1, CF-2 and CF-3 telemetry links during the Taunch phase and the CP-1 
telemetry link during the orbital phase. Onsite acquisition at Tananarive 
occurred at approximately 7825 seconds. Approximately 60 seconds of 
recorder playback was lost because the station did not acquire signal unti | 
60 seconds after the vehicle appeared over the horizon. Data recorded 
between Hawaii and Guaymas on the second pass were not played back. The 
playback of these data was withheld at Guaymas because of flight control 
constraints. 


All airborne tape recorded data were successfully merged with real time 
data. The airborne tape recorder and playback times available in time for 
this report are presented in Table 19-6. 


19.4.4 Instrument Unit Recorder 


The Instrument Unit tape recorder successfully recorded and played back the 
DF-1 and DF-2 telemetry links. 


Two record periods were programed: the first started at 134,21] seconds and 
ended at 161.82 seconds; the second period started at 481.94 seconds and 
ended at 538.63 seconds. Data were recorded for approximately 81.4 seconds. 
Playback reverse command was issued at 767.3 seconds. Playback should have 
terminated at 852.3 seconds. This has not been confirmed for this report 
because of the lack of data. 


19.5 RF SYSTEMS EVALUATION 


The overall performance of launch vehicle RF systems was excellent. Based 

on the analysis performed to date the measured flight data, with few excep- 
tions, agreed favorably with predictions. Telemetry propagation was 
excellent and data lost due to engine flame and staging effects were recover- 
ed by the airborne tape recorder playbacks. Tracking performance through- 
out the flight was satisfactory. The Command and Communications System 
performed extremely well. 


19.5.1 Telemetry Systems RF Propagation Evaluation 


The usual propagation difficulties due to engine flame and staging effects 
were encountered. S-IC main engine flame effects, resulting in signal 
strength fluctuation and attenuation, were as predicted. The attenuation 
at Cape TEL 4 varied between 15 and 25 db, which was less than the Signal 
strength fluctuations experienced with Saturn I and Saturn IB vehicles. 


An unexplained dropout of S-IC stage VHF telemetry was experienced between 
136.5 and 138.5 seconds. This effect was noted at Cape TEL 4, CIF and GBI. 


19-20 


Tape recorder playback data on the S-IC telemetry links during this time 

Se eas period indicated variations in antenna reflected power and incident power. 

ots Abnormal attenuation on the higher frequency systems such as ODOP, UHF 

Oe Base telemetry, CCS, AZUSA/GLOTRAC and C-band radar was experienced at this 

time. Effects on S-II VHF telemetry signals were Jess severe and no 
effects were noted on the S-IVB and IU telemetry records. This anomaly 
occurred within 1 second after the time of S-IC inboard engine cutoff at 
135.47 seconds and may be related to this event. The cause of this anomaly 
has not been conclusively determined and further investigation will be 
conducted to determine performance impact and recurrence possibilities for 
future flights. 


Staging effects were as expected. All VHF telemetry links went to threshold 
at 151.5 seconds during S-IC/S-II staging except for the CP-] telemetry link 
at TEL 4 receiving station. This resulted in VHF telemetry data loss at all 
Sites for approximately 0.6 to 1.0 second except for the data successfully 
Se recovered from the CP-1 link received at TEL 4. No data losses were 
os observed during S-II/S-IVB staging. 


Effects of the second stage ignition on the RF systems transmission were 
more severe than on Saturn IB flights. Cape TEL 4 and CIF data show 
attenuation up to 20 db for all S-II, S-IVB, and IU VHF Tinks, with no 
effect on the GBI recorded transmission. S-IC VHF telemetry experienced 
severe attenuation and approximately 0.15 to 2.75 seconds data loss to both 
uprange and GBI sites. 


The S-IC stage AF-1 telemetry link experienced a sharp decrease in RF output 
power at 158.4 seconds. The incident power decreased to less than 1 watt 

at this time with a simultaneous decrease in reflected power, indicating no 
anomaly in the antenna subsystem. The output power remained low for the 
remainder of S-IC flight. The cause of this anomaly was believed to be a 
partial failure of the RF assembly or cable from the power amplifier to 

the VSWR monitor. This reduction in RF power caused loss of data at the 

CIF ground station; however, data from this link were recovered from the 
airborne tape recorder playback at Cape TEL 4. 


Effects resulting from the S-II second plane separation were not anticipat- 
ed, but did result in 20 to 25 db attenuation of the S-II, S-IVB, and IU VHF 
telemetry systems transmission to the Cape sites. Transmission to GBI was 
not affected. UHF telemetry experienced 25 db peak attenuation. The CCS 
data recorded at CIF and MILA/USB show a phase unlock condition at this 
time (182.2 seconds) lasting until 185.8 seconds at CIF and until 205 
seconds at MILA/USB. 


Ionospheric effects were as observed on previous flights, posing no threat 
to telemetry data acquisition. These are phenomena resulting in signal 
ey eee fluctations to those ground sites looking through the S-II exhaust plume 
ee and are believed to be caused by the interaction of the plume and ionospheric 
layers. Several sharp drops, unlike the usual ionospheric effects, were 
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observed on the Cape TEL 4 VHF signal strength data but were not present on 
the GBI data. 


Orbital telemetry signal strength levels were as predicted and no major ano- 
malies were observed. 


A summary of the telemetry systems general performance is shown in Figures 
19-1 and 19-2. 


19.5.2 Tracking Systems RF Propagation Evaluation 

Tracking performance throughout the flight was satisfactory. No major 
anomalies occurred, although some minor effects were observed which are be- 
ing evaluated to determine the potential impact on systems performance and 
possible improvement for subsequent flights. 

The tracking systems for the different stages are tabulated in Table 19-7. 


Table 19-7. AS-501 Onboard Tracking Systems 


























VEHICLE ONBOARD ONBOARD 

LOCATION SYSTEM TRANSMITTER RECEIVER 
FREQUENCY FREQUENCY 
(MEGAHERTZ) (MEGAHERTZ) 











ODOP 890 
Azusa/Glotrac 5060.194 | 
C-Band Radar 5690 | 







GCS 2101.8 
19.5.2.1 ODOP - A performance and coverage summary of the ODOP system on the 
S-IC stage is shown in Figure 19-3. The ODOP flight data indicate that 
tracking performance was satisfactory until approximately 105 seconds, when 
flame effects began to degrade both the interrogation transmission and the 
ground received signals to a level of marginal performance. Intermittent 
phase unlock periods at the respective receiving sites continued from this 
time until S-IC/S-II separation (151.4 seconds), at which time all sites 

lost phase lock until approximately 180 seconds. The onboard ODOP receiver 
phase lock measurement indicates loss of lock from 152 to 194 seconds. 


An unexplained but short duration (2 to 3 seconds) of low signal level and 
phase modulation occurred at approximately 44 seconds at all receiving sites. 
The onboard receiver AGC measurement indicates a gradual decrease of signal 
strength beginning at 33 seconds and reaching a maximum drop of 35 db in 
signal level at 42.3 seconds coincident with the effects observed on the 
received data. No phase unlock conditions were observed nor were postflight 
tracking data affected at this time. 
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Figure 19-3. QDOP Coverage Summary 


Another effect of particular interest was observed between 136.5 and 138.5 
seconds when all ODOP receiving sites experienced a drop in signal level. 
This effect was coincident with S-IC VHF telemetry dropout period and signal 
attenuation on the IU S-Band and C-Band systems. The cause for this anomaly 
has not yet been determined. 


19.5.2.2 Azusa/Glotrac - The performance of the Azusa/Glotrac system appear- 
ed to be satisfactory and in accordance with nominal expectations. Glotrac 
Station I tracked successfully from liftoff to 260 seconds. Grand Turk 
accepted active interrogation of the transponder at 283 seconds and main- 
tained track until handover to Bermuda at 564 seconds. Tracking data were 
simultaneously obtained at all Glotrac stations within view of the vehicle 
throughout most of the flight. 


Flight data indicated that Station I lost phase lock prior to scheduled hand- 
over to Grand Turk. This had been a recurring problem on previous flights 
and was attributed to extremely low aspect angles to this sight. Proper 
operation of the Azusa transponder was indicated by the steady level of the 
transponder power output measurement J001-603. 


General Azusa/Glotrac coverage summary is shown in Figure 19-4. 
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19.5.2.3 C-Band Radar - The performance of the launch vehicle C-Band radar a 


systems appeared to be satisfactory throughout the flight. The simultaneous 
operation of two beacons during the launch phase without data loss was shown 
to be feasible. The PAFB site was able to satisfactorily track the IU bea- 
cons to approximately 410 seconds, losing track slightly earlier than usual 
because of a low elevation angle and low signal levels resulting from the 
antenna patterns. 


A C-Band flight coverage summary is shown in Figure 19-5. 
19.5.3 Command Systems RF Evaluation 


19.5.3.1 Secure Range Safety Command System - Data indicated that the Secure 
Range Safety Command System (SRSCS) antennas and receivers operated satis- 
factorily in the S-IC, S-II, and S-IVB stages. S-IC predicted signal levels 
were above measured signal levels; however, this has occurred in past flights 
and is attributed in part to calibration inaccuracies of the onboard system. 
Signal levels compared favorably with the levels in Saturn IB vehicles. 


19.5.3.2 Command and Communications System - The Command and Communications 
System (CCS) appeared to have performed extremely well. All supporting sites 
obtained good data,and only minor discrepancies, as indicated in Figures 

19-6 through 19-9, were noted. These occurred primarily at the MILA/USB ~ 
Site during the launch phase. This site maintained two-way lock with the IU 
CCS transponder from liftoff to S-IC/S-II staging. At this time, the adverse 
effects of the staging exhaust caused the MILA site to lose lock and signal 
until 165 seconds — approximately 13 seconds of data loss. Lock was lost 
again due to interstage jettison at 182.4 seconds and downlink lock was not 
re-established until 205 seconds. 


Handover to Bermuda at 420 seconds appeared to have been normal. A two-way 
lock was established within 4 seconds. 


The Ascension Island (ASC) and Carnarvon (CRO) antenna switching tests were 
performed satisfactorily. Signal levels were near predicted throughout this 
part of the mission. 


Performance of the CCS system is discussed in detail in paragraph 14.3. A 
coverage summary of the CCS is shown in Figure 19-10. 


19.6 QPTICAL INSTRUMENTATION 

19.6.1 Onboard Cameras 

The two onboard cameras located on the S-II stage were programed to record 
the S-IC/S-II separation sequence. Both cameras were successfully ejected 
and retrieved. There was no damage to the capsule or film, and the camera 


coverage and quality of film were excellent. All tracking lights operated 
and timing and event marks were obtained on the films. 
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Figure 19-7. Bermuda CCS Down Link Carrier Signal Strength, AS-501 
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Figure 19-8. Ascension CCS Down Link Carrier Signal Strength, AS-501 
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Figure 19-9. Carnarvon CCS Down Link Carrier Signal Strength, AS-501 
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During recovery the drag flaps, paraballoons, flashing light beacons, dye 
markers, and shark repellant operated satisfactorily. One Sarah 242 MC 
recovery beacon signal was weak and intermittent. It was determined that 
the antenna did not extend from the capsule. Investigation also disclosed 
that all control circuitry providing operating current to the squib per- 
formed satisfactorily. Therefore, it was concluded that failure of the 
antenna deployment was most probably due to a malfunctioning squib. ECP 
5246 has been approved to replace ordnance with a mechanical system. 


19.6.2 Ground Engineering Cameras 


The overall ground camera coverage was not entirely satisfactory. There was 

a total of 83 cameras scheduled for AS-501 coverage: 68 KSC cameras to 
observe prelaunch and launch sequences and 15 AFETR tracking cameras. Ejighty- 
five percent of the cameras did not produce all of the required data for 
evaluation purposes. Thirty-two percent contained partial data, and 53 
percent had total loss of data for evaluation purposes. 


ae The Launch Complex 39A camera system experienced a control power and timing 

i ey loss of approximately 1.0 second duration from 12:00:00.381 to 12:00:01.371] 
Universal Time. The loss of camera control power resulted in a decrease in 
the programed speed of the cameras as well as loss of timing signal. In- 
vestigation revealed that only four KSC cameras of the total assessed 
(excluding jammed cameras) did not experience the power outage. KSC has 
been informed of all aspects in this problem and is taking steps to rectify 
the problem before the AS-502 launch. 


Film jams occurred in all rotary prism type cameras because of the power loss 
due to the nature of the camera. 


Thirteen items of optical data were completely lost and 15 items had partial 
loss of data as a result of the power loss. 


The KSC perimeter trackers (1300 feet from vehicle) malfunctioned when, as 
power was applied to the trackers (approximately -45 minutes), they dumped 
backward and could not be returned. As a result, eight cameras observing 
vehicle and stage structural integrity from liftoff to 1300 feet altitude 
were lost. Several AFETR tracking cameras acquired the vehicle on the pad 
and were acceptable for structural integrity; however, due to long focal 
length and ground haze, the resolution at liftoff was not adequate for de- 
tailed analysis. 


The ETR tracking system gave satisfactory performance with minor exceptions. 
The ALOTS camera (aircraft at approximately 20,000 ft altitude) broke film 
before staging occurred and did not acquire the vehicle on the pad as in 
past flights. : 
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~ SECTION 20 
VEHICLE AERODYNAMIC CHARACTERISTICS 


20.1 SUMMARY 


S-IC stage fin loads were measured by 16 static (total) pressure measure- 
ments positioned on opposite sides of Fin B and Fin D. Fin loadings were 
generally low as a result of the low vehicle angle-of-attack. 


The axial force coefficient determined from the measured base drag and pre- 
dicted forebody drag fell below the predicted value from Mach 0.2 to Mach 4.0 
due to the lower than predicted base drag. During most of the subsonic 
Flight, the axial force coefficient determined from the trajectory match was 
considerably higher than the prediction. However, from Mach 0.7 to the end 
of flight the trajectory match indicated the axial force was in close agree- 
ment with the reconstructed and predicted values. 


20.2 VEHICLE AXIAL FORCE CHARACTERISTICS 


The total and base axial force coefficients are shown in Figure 20-1. The 
base axial force coefficient was calculated from telemetered base pressure 
measurements. The reconstructed total axial force coefficient was the sum 
of a predicted forebody coefficient and the calculated base axial force 
coefficient. The predicted forebody coefficient was based on wind tunnel 
data. Zero angle-of-attack was assumed for all axial force analyses. The 
performance simulation (trajectory match) also used the predicted forebody 
coefficient. 


The reconstructed axial force coefficient shown in the upper portion of 
Figure 20-1 fell below the predicted band from Mach 0.2 to Mach 4.0 due to 
the lower than predicted base drag. However, the performance simulations 
indicated a higher than predicted vehicle drag from liftoff until Mach 0.7. 
Above Mach 0.7 the simulation value was in reasonable agreement with the re- 
constructed value and near the predicted value. The base axial force 
coefficient, which was computed from PCM telemetered data from eight static 
(total) pressure measurements located on the S-IC base heat shield, fell 
below the prediction from Mach 0.3 to Mach 4.0. The prediction was based 

on wind tunnel data and Saturn IB flight data. In general, better agreement 
was obtained for the two derivations of the axial force coefficient for the 
Saturn IB flight data. The reason for the apparent discrepancy on AS-501 
has not been determined, but more refined analyses may improve the comparison. 


20-] 


TOTAL AXIAL FORCE COEFFICIENT, CX, 


BASE AXIAL FORCE COEFFICIENT Cy 
B 


: 
eee 

+ (ARS SERSEER 
OCC 

soft] LT EET Tt Pt tt tt 
Lal * 


== PREDICTED 
aun RECONSTRUCTION 
—— SIMULATION (TRAJECTORY MATCH) 











TINS 
CCCP 





ett 
ERR 


0 


——~ AS -501 
PREDICTED 
(MSFC TM X-53517) 








MACH NUMBER M_ 


' Figure 20-1. Vehicle Axial Force Characteristics 
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The mutual impingement of J-2 engine exhaust plumes ‘caused reverse flow of 
the exhaust gases which impinged on the S-II base heat shield and thrust 
cone surface producing an incremental base thrust force. Figure 20-2 pre- 
sents this incremental base force history through S-II stage boost. These 
results were obtained from base region pressure measurements. The major 
contribution to this thrust force consisted of the pressure acting on the 
base heat shield while the remainder was due to the pressure acting on the 
thrust cone. The thrust force dropped approximately 25 percent after second 
plane separation and an additional 15 percent after PMR step down. 


The base region effective surface areas considered in this analysis totalled 
79.4 m* (855.3 ft) and consisted of the following: 


a. Base Heat Shield - 23.2 m@ (249.9 ft2) 
b. J-2 Engine Nozzle Exit Area - 17.9 m¢ (192.8 ft2) 


c. Thrust Cone - 38.3 mé (412.6 ft*) 


20.3 VEHICLE STATIC STABILITY 


A reliable evaluation of the static aerodynamic Stability characteristics 
of the AS-501 flight was not possible due to the small vehicle angle-of- 
attack and the resulting small engine deflections. 


BASE FORCE, (103 n) 
BASE FORCE, (103 bf) 





. RANGE TIME, SECONDS 
Figure 20-2. Base Pressure Thrust Increment During S-II Boost 


20.4 FIN PRESSURE LOADING 


External static pressures on the S-IC fins were recorded by sixteen measure- 
ments. Each side of two fins had four measurements located in the same 
relative position. 


The pressure differentials across the S-IC fins are shown in Figure 20-3. 
These differentials were well within the predicted bands as a result of the 
Small angle-of-attack encountered during flight. The bands were predicted 
using available wind tunnel data and were based on the AS-501 Q-Ball total 
angle-of-attack. 
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SECTION 21 
MASS CHARACTERISTICS 


21.1 SUMMARY 


Postflight analysis indicated that the vehicle mass during the boost phase 
oscillated slightly between higher than predicted and lower than predicted. 
These deviations can be attributed to: 


a. Higher than predicted stage (except the S-IVB stage which was 
lower) and interstage, instrument unit and spacecraft weights. 


b. Higher than predicted residual propellants at staging. 
c. Higher than predicted S-IVB stage LOX loading. 


d. Lower than predicted S-IC stage and S-II stage propellant 
loadings. 


21.2 MASS EVALUATION 


Postflight mass characteristics are compared to the final predicted mass 
characteristics (R-P&VE-VAW-67-154, November 15, 1967) which were used in 
determination of the final operational trajectory (R-AERO-FMT-237-67, 
October 19, 1967). 


The postflight mass characteristics were determined from an analysis of all 
available actual and reconstructed data; from S-IC ignition through S-IVB 
Stage J-2 engine second thrust decay. Dry weights of the launch vehicle 
were based on an evaluation of the weight and Balance Log Books (MSFC 

Form 998). Propellant loading and utilization was evaluated from 
propulsion system performance reconstructions. Spacecraft data was 
obtained from the Manned Spacecraft Center (MSC). 


Deviations in the dry weights of the inert stages and the loaded spacecraft 
were all within the predicted three sigma deviation limits, except the 
S-II/S-IVB interstage and tne Launch Escape Tower. The S-II/S-IVB inter- 
Stage was 6.04 percent over predicted or 5.42 percent over tolerance. This 
overweight was due to a large amount of insulation installed at KSC to 
protect against possible excessive aerodynamic heating. The Launch Escape 


System (LES) was 1.26 percent over predicted or 0.68 percent over tolerance. 
Since the remainder of the vehicle was under tolerance, the net effect of 
the excessive weight of these two items was nil. 


During S-IC stage powered flight, the weight of the vehicle was determined 
to be 0.07 percent higher than predicted at liftoff and 0.26 percent 
higher than predicted at S-IC/S-II separation. These deviations may be 
attributed to the following: 


a. The inert launch vehicle was 0.25 percent heavier than predicted. 
b. The spacecraft was 0.16 percent heavier than predicted. 


c. S-IVB stage propellant loading was 0.40 percent heavier than 
predicted. 


d. S-IC stage residuals at separation were 6.36 percent heavier 
than predicted due to a shorter than anticipated burn time. 


S-IC burn phase total vehicle mass is shown in Tables 21-1 and 21-2. 


During S-II stage powered flight, the weight of the vehicle was 0.16 percent 
under predicted at ignition due primarily to the 0.19 percent lower than 
predicted propellant loading. At S-II/S~-IVB separation, the vehicle was 
0.24 percent over predicted due to the heavy S-II/S-IVB interstage, heavy 
spacecraft and heavy S-IVB propellant loading. The total vehicle mass for 
S-II burn phase is shown in Tables 21-3 and 21-4. 


The first burn of the S-IVB stage began at 0.28 percent over predicted mass 
and ended at 0.49 percent under predicted mass. These deviations are due 
to the heavy S-IVB propellant loading and a longer than predicted burn 
time. During earth orbit, vehiclé mass loss was 6.58 percent greater than 
expected. This was due to a larger than predicted fuel tank vent. The 
total vehicle mass for S-IVB first burn phase is shown in Tables 21-5 and 
21-6. 


At S-IVB stage reignition the vehicle mass was 0.5/7 percent under predicted 
due to the longer first burn and greater than predicted orbit mass loss. 

At spacecraft separation, the vehicle mass was 3.27 percent greater than 
predicted due to a 14.20 percent larger than predicted propellant residual. 
Total vehicle mass for S-IVB second burn phase is shown in Tables 21-7 and 
21-8. 


A summary of mass utilization and loss, actual and predicted, from first 
stage ignition to spacecraft payload separation is presented in Table 21-9. 
A comparison of actual and predicted mass, center of gravity and moment of 
Tnertia is presented in Table 21-10. Figure 21-1 through 21-3 present 


graphically the mass, center of gravity and moment of inertia for each 
Stage burn. 
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Figure 21-1. Vehicle Mass, Center of Gravity, and Mass Moment 
of Inertia During S-IC Stage Powered Flight 
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4 S-IC Stage at S-IC Ignition 


Table 21-9. Flight Sequence Mass Summary 







MASS HISTORY 


S-IC/S-II Interstage (small) at S-IC 
Ignition 


| s-IC/S-II Interstage (large) at S-IC 
i Ignition 


i S-II Stage at S-IC Iqnition 
S-11/S-IVB Interstage at S-IC Ignition 
| S-IVB Stage at S-IC Ignition 


i Vehicle Instrument Unit at S-IC Ignition 


Nominal Payload (Including LES) 


First Flight Stage at S-IC Ignition 


| S-1C Thrust Bui Tdup 
| First Flight Stage at Liftoff 
: S-IC Mainstage 


1 S-IC Frost 


S-II Frost 


| S-IVB Frost 

| S-1C No Purge 

45-11 Insulation Purge Gas 

S-IC Inboard Engine Thrust Decay Propellant 
: S-IC Inboard Engine Expended Propellant 


l cirst Flight Stage at Outboard Engine Cutoff | 


Signal 


| S-IC Outboard Engine Thrust Decay Propellant | 
1 S-1C/S-II Ullage Motor Propellant 

| First Flight Stage at S-IC/S-II Separation 
| S-IC Stage at Separation 

j S-1C/S-11 Interstage (small) 

| S-1C/S-It Ullage Motor Propellant 

| Second Flight Stage at S-II Ignition 

4 S-II Thrust Buildup Propellant 

}S-HL start Tank 

| s-1C/S-1] Ullage Motor Propellant 


: Second Flight Stage at 90% Thrust 


: ACTUAL | 


11,957,081! 










PREDICTED 


kg 
4,802,590 4} 2,178,999.37 4 4,803,871 


2,178,418. 3 





















67}. 669.5 1,476 






1,481 












6,052. 6,064.53 | 13,370 





13,343 | 








469 ,050. : 1,034,079 469 ,854. 1,035 ,852 













3,687. 8,117 | 3,459. 7 627 












119,513. 263,482 9 119,140.1 262,659 


















2,157. 2,154.6 4,750 





4,756 | 









42525. 93,753] 42,456. 93 ,600 















2,822,070. 2,822 ,798.9 § 6,223,206 







6,221,600) ° 











44,251. 97,558 | -45,063.! -99 348 









2,777,819.36 | 6,124,043 | 2,777,734.99 4 6,123,857 















1-1,958,786.9 §-4,318,386 





1 -4,314,626 












595 3 -294.8 -650 





-269. 











-450 | -204.1 -450 





-204. 






-200 3 -136.1 -300 § 






a -16.8 -37 








-54.4 -120 






-120 | 















775. B70" -836. -1,844 











- 409 








-185. -409 | -185.5 








819,140. 1,805,896 $817,219. 1,801 ,660 












-3,103. -6 842 : -3,276.3 73223 









-81. -180 - -81.6 - 180 















815,955. 1,798 ,874 813,861.33 7 1,794,257 













-|72,733. - 170,538. -375 ,973 









380,812 | 


















were -1,481 | -669. -1,476 












- 489. -) ,080 - 489. - 1,080 








1,415,501 | 642,163. 1,415,728 









642 ,060. 













-781. -1,723 -804. -1,773 














-11.3 -25 





“1. -25 § 














-662. -1,460 | -662. -1,460 








640 ,685. 1,412,469 





640 605. 1,412,293 | 
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Table 21-9. 


Flight Sequence Mass Summary (Continued) 


ACTUAL ee 


-3,950:78 -8,710 


MASS HISTORY 








Launch Escape System ——— 


S-IC/S-II Interstage (large) | 4,818.51 4 -10,623 -4,830.7 


421,177. 


S-I] Mainstage Propellant 

S~II Cameras 

Second Flight Stage at S-II Cutoff Signal 
S-If Thrust Decay Propellant 

S-IVB Ullage Prepellant 

second Flight Stage at S-II/S-IVB Separation 
S-II Stage at Separation 

S-I1/S-IVB Interstage-Dry 

S-II/S-IVB Interstage Propellant 

S-IVB Aft Frame 

S-IVB Ullage Motor Propellant 


S-IVB Detonation Package 


: Third Flight Stage at First Start Sequence 


Command 

S-IVB Ullage Motor Propellant 

S-IVB Fuel Lead Loss 

Third Flight Stage at First S-IVB Ignition 
S-I1VB Ullage Motor Propellant 

S-IVB Ho in Start Tank 


‘S~IVB Thrust Buildup Propellant 


Third Flight Stage at 90% Thrust 
S-IVB Ullage Motor Cases 


S-IVB Mainstage Propellant 


j S-IVB APS Propellant Power Rol] 


Third Flight Stage at First S-IVB Cutoff 
Signal 


S-IVB Thrust Decay Propellant 


Third Flight Stage at Start of Coast 


~54, 
210,604. 
-193. 
-2, 
210,408. 
-46 ,573. 
-3,194. 
-487, 
-2), 


160,103. 


-18, 

-0. 
160,085. 
-10. 

-1. 
-185. 
159 ,888. 


126,571. 


~46. 


a 
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126,525. 


-928,537 
-120 

464 ,303 
-427 

-5 
463,871 
-102,678 
~7 042 
-1,075 
-48 


-408 
352 ,493 
-130 
-73,320 
-} 

279 ,042 


-102 
278,940 


j -421,793.3 


54.4 
210,105.8 
-191.9 
-2.3 

209 911.7 
-46 ,740.4 
-2,971.9 
- 487.6 
-21.8 
-24.9 
-1,8 

159 662.7 


-18.] 
0.0 

159 ,645.0 
-10.0 
~1.8 
-229.] 
159 ,404.2 
-57.6 
-32,115.7 
~.9 
127,229.5 


-84.4 
127,145.1 


-929 ,895 
-120 
463,204 
~423 

-5 
462,776 
-103,045 
-6,552 
~1,075 


351,996 


- 40 

0 
351,957 
292 

-4 

-505 
351,426 
SPY; 
-70,803 
2 

280 ,493 


- 186 





280 ,307 


Table 21-9. 


MASS HISTORY 





S-IVB Engine Propellant Expended 


: S-IVB Fuel Tank Vented in Orbit 

, S-IVB LOX Tank Vented in Orbit 

: S-IVB APS Propellant Loss in Orbit 

, S+IVB Start Tank 

, S-IVB 0,/Ho ‘Burner 

: Third Flight Stage at Second Start Sequence 


Command 


S-IVB Fuel Lead Loss 


| Third Flight Stage at Second S-IVB Ignition 


S-IVB Start Tank 
S-IVB Thrust Buildup Propel tant 


| Third Flight Stage at 90% Thrust 


S-1VB Mainstage Propellant Second Burn 
S-IVB APS Propellant Power Roll 


| S-IVB Venting. 


Third Flight Stage at Second S-IVB Cutoff 
Command 


S-IVB Thrust Decay Propellant 


Third Flight Stage at End Second Thrust 
Decay 


S-IVB Engine Propellant Expended 


S-IVB APS Propellant 


Spacecraft Less LEM and SLA 


Third Flight Stage at Spacecraft Separation 


LEM 


SLA 
Vehicle Instrument Unit 


S-IVB Stage at Separation 


12533115 


99, 
125,102. 
1. 
~148. 
124,952. 
-62,/87. 


62,095. 


-18. 
-14. 
-23,474. 
38,588. 
-13,381. 
-1,719. 
-2,157. 


-21,330. 
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275,824 


~20 
275 ,804 

-4 

~327 

275 473 

~138,422 
2 

-56 

136 ,993 


-96 
136 ,897 


-40 

-32 
-51,753 
85 ,072 
~29 500 
-3,790 
-4,756 





-47 ,026 


Flight oe Mass Summary dalla 


ACTUAL PREDICTED 


125,824. 


~9, 
125,815. 
-1. 

- 188. 
125,624. 
-64,736. 


60,813. 


75 

-14, 
~23,455. 
37 ,326. 
-13,381. 


-1,719.1 
-2,154.6 


-20,071.9 


277,396 


-2] 

277 ,375 
-4 

-416 
276 ,955 


1 -142,719 


-4 
0 
134,231 


-160 
134,071 
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i | SECTION 22 
“age, TREES MALFUNCTIONS AND DEVIATIONS 


22.1 SUMMARY 


Evaluation of the launch vehicle performance during the AS-501 flight test 
did not reveal any malfunctions or deviations which could be considered a 
serious system failure. Minor modifications, however, are planned for 
future flights to improve system operations. 


a 22.2 SYSTEM MALFUNCTIONS AND DEVIATIONS 

The system malfunctions (abnormal operations) and significant deviations 
(actual operation deviated from expected operation), and the recommended 
corrective actions are summarized in Table 22-1. A discussion of each 
problem area is included in the referenced paragraphs. Items having the 
statement "(closed out)" included in the Recommended Corrective action 
column are considered resolved with respect to the AS-502 flight. 
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SECTION: 23 
SPACECRAFT SUMMARY 


23.1 SUMMARY 


The AS-501, Apollo 4, mission was successfully accomplished as planned using 
the Apollo Spacecraft 017, the lunar module LTA-10R and the Saturn Launch 
Vehicle SA-501. 


The spacecraft was an unmanned Block I type incorporating selected Block II 
hardware for certification. Among these were a Block II heat shield, umbilical] 
from the command module to the service module, VHF and S-band antennas, and a 
modified crew compartment hatch. As a result of being unmanned, a mission 
control programmer was installed while the crew couches, certain waste manage- 
ment items, certain displays and controls, and the postlanding ventilation 
valve were omitted. 


23.2 SPACECRAFT PERFORMANCE EVALUATION 


The spacecraft performed its mission perfectly. After separation from the 
S-IVB stage of the launch vehicle, the service propulsion engine was initiated 
to augment the thrust of the S-IVB which had placed the spacecraft into a 
simulated translunar trajectory. After a 16-second burn, the spacecraft was 
oriented to place the thickest side of the command module heat shield away 
from the solar vector. During the approximately 4-1/2 hour cold-soak period, 
the spacecraft coasted to an apogee of 9769 nautical miles. A total of 715 
high resolution photographs were taken of the earth's surface during this 
time. 


At an elapsed time of 8:10:55, the service propulsion system was reignited 
to simulate the lunar entry velocity. The velocity obtained was 299 feet- 
Pe a per-second greater than planned due to ground control of the maneuver. The 
aS heat protection system functioned to provide a temperature rise at the aft 
< heat shield bond line of approximately 310°K (100°F) in spite of a nearly 
3003°K (5000°F) temperature at the shield surface. Only a ten degree rise 
in the crew compartment occurred as a result of the entry heating. 


As a result of the loss of the 5-volt reference for the instrumentation SyS- 
tem at the separation of the command module from the service module, the 
discrete events that occur during entry were lost. The reference voltage 
dropped to unacceptable levels due to the improper fusing of the earth land- 
ing system controller circuit. 


meses 


A lift-drag ratio of 0.365+0.015 was obtained placing the spacecraft within 6 
miles of the recovery carrier at landing which was approximately 5 miles from 
the planned landing point. Recovery of the command module, apex heat shield, 
and one main parachute was effected in 8-feet swells within 2-1/2 hours after 
landing. 


After recovery, the spacecraft was taken to Hawaii where it was deactivated. 

It was then flown to the North American Rockwell facility at Downey, Califor- 

nia, for postflight testing. 

The spacecraft and ground anomalies which occurred during the flight had no 
eke a adverse effect upon completion of the mission. All spacecraft mission objec- 
coe tives were fully satisfied. 


For further details on the spacecraft performance, refer to the Apollo 4 
Mission Evaluation Report published by the NASA, Manned Spacecraft Center at 
Houston, Texas. 


APPENDIX A 
ATMOSPHERIC SUMMARY 


A.1 SUMMARY 


The data presented in this section is a summary of the surface and upper 
atmospheric environment at the time of AS-501 launch. A general description 
and specific data for winds and thermodynamic conditions is included. 


A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 


The southeastern United States was dominated by a high pressure system with 
the center of the system over northern Alabama and Georgia. The surface wind 
flow at Cape Kennedy, Florida was from the northeast. The wind flow above 

7 kilometer (23,000 ft) was generally from the west. 


A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 


At launch time, there were 4/10 stratocumulus clouds with bases at 1370 meters 
(4500 ft). Visibility was 19 kilometer (12 stat mi). Satisfactory chart re- 
cords were available for only one anemometer on the launch pad. Five of the 
eight, chart records were not received. Of the three received, one provide speed 
only while the other chart data was not considered representative of the area. 
Table A-1 summarizes the surface observations at launch time. 


Solar radiation data was measured on the launch pad with total horizontal 
and normal incident sensors. This data is presented in Table A-2. 


A.4 UPPER AIR MEASUREMENTS 


Upper air wind data were obtained from four of the five systems requested, 
with three being used in the final meteorological tape. Table A-3 summarizes 
the data used. The data from the Cajun-dart arrived too late to be used in 
the meteorological tape, but has been added to Figures A-1 and A-2. 


A.4.1 Wind Speed 


The wind speed at the lower altitudes did not exceed 26 m/s (50.5 knots) 

below 30 kilometers(98,000 ft). The maximum wind in the high dynamic pressure 
region was 26 m/s (50.5 knots) at 11.5 kilometer (37,700 ft). Between 25 and 
90 kilometers (82,000 ft and 164,000 ft), the wind increased, reaching a max- 
imum of 91 m/s (177 knots) at 50 kilometers (164,000 ft) as shown in 

Figure A-1. 
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Table A-1._ Surface Observations at AS-501 Launch Time 


SKY COVER WIND 


HEIGHT | SPEED DIR. | 
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| 1 Vehicle entered cloud base at 7:01:45 EST and exited through cloud top at 7:01:52 EST 
4 2 10 meter height 
; > Above natural grade — 


Table A-2. Solar Radiation Data (0.35 to 4.0 microns) at AS-501 Launch 
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EST SURFACE INCIDENT (SKY) 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 


ao C:0 0 Oo OOo O00 0 OO ¢ 


OQOooo0o°cenHs—7 OOO 
DovTrnvocoaoH—+— 00 





Units of Data--gm cal on”? min”! 
Cape Kennedy, Florida, Pad 39 Values are average for each hour 


To obtain watt m*, multiply by 697.33 


2, -1 


To obtain Btu ft* hr”', multiply by 221.20 


Peo ee 





_— 
4 


pi tA tt 


“(20Gb L-ZlyyL) LavO-NNEYO | | (ZSOZL-ZELZL) 3ONOSWOUY- (Z60v1-Z2L€L) OWS te—-| (26061-75121) 91-Sdi —et'g, 


—_ 


235 “JWI JONVY 


80 90 100: 


rf 
- 
60 70 


CCPL EPEC EE 
OPC 


B 


< 
x 
~ 
bd 
= 
: 
7 
E 
7 
a 
wa 


90 
85 

80 

7§ | 
o 
= 
«| 
50 
45 | 








WIND SPEED, m/s 
AS-501 Scalar Launch Wind 


Figure A-1. 
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Figure A-2. 
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Table A-3. Systems Used To Measure Upper Air Wind Data, AS-501 


| RELEASE TIME | PORTION OF DATA USED 
| NOV. 9, 1967 


p START 













TYPE OF DATA 






‘wert 
M 
(FT) 


1215 Surface 15,750 : 
(51 700) | 
1220 16,000 335050 
(52,500) (109 ,000) 
| Arcasonde 1700 } 300 52,500 33,500 
(172,000) (110,000) 


Table A-4 shows the maximum wind speed and wind speed components in the high 
dynamic pressure region for AS-501, AS-201, AS-203, AS-202, and Saturn I 
vehicles. 















A.4.2 Wind Direction 


At the surface the wind was from the northwest. Between the surface and 

7 kilometer (23,000 ft) it had shifted (backed) to west. Above 7 kilometer 
(23,000 ft) the wind direction was generally from the west and southwest 
as shown in Figure A-?., 


A.4.3 Pitch Wind Component 


Pitch wind components followed the median (or were slightly lower) up to 

30 kilometers(98,000 ft). Above 6 kilometers (19,700 ft) the pitch wind 
components were tail winds. The maximum value was 24.3 m/s (47.2 knots) 

at 11.5 kilometers (37,700 ft) in the high dynamic pressure region. Above 
30 kilometers (98,000 ft) the pitch wind components (tail winds) increased 
and exceeded the median, reaching a maximum of 91 m/s (177 knots) at 50 kil- 
ometer (164,000 ft) as shown in Figure A-3. 


A.4.4 Yaw Wind Component 
The yaw wind component never exceeded 15 m/s (29.2 knots) below 50 kilometers 
(164,000 ft). Winds were from the left up to 20 kilometers (66,000 ft) reac- 


hing a value of 12.9 m/s (25.1 knots) at 9 kilometers (30,000 ft) as shown in 
Figure A-4. 
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A.4.5 Component Wind Shears 


Component wind shears (Ah = 1000 m) were of low magnitude as shown in 
Figure A-5. The wind shears are given for AS-501, AS-201, AS-203, AS-202, 
and Saturn I vehicles in Table A-5. 


A.5 THERMODYNAMIC DATA 


Comparisons of the thermodynamic data taken at launch time with the Patrick 
Reference Atmosphere (PRA) (1963) for temperature, density, pressure, and 
optical index of refraction are shown in Figures A-6 and A-7, 


A.5.1 Temperature 


Atmospheric temperatures at launch time were generally lower than that of the 
PRA temperature. The temperature reached a value of 5.7 percent below the 
PRA at 2.25 kilometers (7400 ft). Above 42 kilometers (138,000 ft)the rela- 
tive deviations are greater than the PRA with a maximum of +3.7 percent grea- 
ter than the PRA at 47.75 kilometers (157,000 ft) as shown in Figure A-6. 


A.5.2 Density 


The surface air density at launch time was +5.5 percent greater than the PRA 
density. The density remained greater up to 7.0 kilometers(23,000 ft). The 
maximum value being +5.8 percent at 1.5 kilometers (5000 ft). Above 7 kilometers 
(23,000 ft) the density is generally lower, with a minimum of -8.9 percent of 
the Patrick value of density at 47.0 kilometers (154,000 ft) as shown in 

Figure A-6. 


A.5.3 Pressure 


Launch time atmospheric pressure at the surface was 0.9 percent higher than 
the pressure of the PRA. Above the surface, the pressure decreased to less 
than that of the Patrick value, with the greatest difference being -7.9 per- 
cent at 31.5 kilometers (103,000 ft). Around 34 kilometers (112,000 ft), 
the discontinuity shown results from the tie-in of the Radiosonde and the 
Rocketsonde profiles as shown in Figure A-7. 


A.5.4 Optical Index of Refraction 
At the surface during launch, the optical index of refraction was 
-51.1 (n-1) x 10-6 units lower than the corresponding value of the PRA. 


Above the surface, the value decreased rapidly reaching near zero at. 
25 kilometers (82,000 ft) as shown in Figure A-7. 
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Figure A-5. AS-501 Launch Time Pitch (Sy) and Yaw (S,) Component Wind Shears 
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Relative Deviation of AS-501 Temperature and Density 
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APPENDIX B 
AS-501 LAUNCH VEHICLE DESCRIPTION 


B.] VEHICLE 


The Saturn V launch vehicle, configured as illustrated in Figure B-1, con- 
Sists of a booster with three propulsive stages and an instrument unit; 
and a payload consisting of a refurbished lunar module test article (LTA), 
generally a Block I command module (CM), a service module (SM), and a 
launch escape system (LES). The nominal weight of the vehicle is 
2,820,000 kilograms (6,220,000 Ibm). — 


B.1.1 Vehicle Structure 


The vehicle nominal length is 110.7 meters (363.0 ft.). The booster length 
is 85.7 meters (281.2 ft.) with the S-IC first stage nominal diameter of 
10.1 meters (33.1 ft.) and a nominal diameter of 6.6 meters (21.7 ft.) at 
the uppermost section, the instrument unit (IU). Four fixed fins of equal 


Size are fitted to the first stage for aerodynamic stability. 
B.1.2 Vehicle Propulsion | 


The S-IC stage is powered by five bi-propellant F-1 engines developing a 
combined nominal thrust of 33,400,000 Newtons (7,500,000 Ib¢), using liquid 
oxygen (LOX) as the oxidizer and RP-1 as the fuel. The center engine is 
fixed on the vehicle centerline and the four outboard engines are gimbaled 
by hydraulically operated servoactuators for thrust vector control. The 
second stage, S-II, is powered by five bi-propellant J-2 engines developing 
a combined nominal .thrust of 4,450,000 Newtons (1,000,000 ib¢) using LOX 

as the oxidizer but liquid hydrogen (LHj) as the fuel. The center engine 
is fixed on the vehicle centerline and the four outboard engines aligned 
with the S-IC four outboard engines, are gimbaled by hydrau ically operated 
servoactuators for thrust vector control. The third propulsive booster 
Stage, S-IVB, 1s powered by one J-2 engine with a nominal thrust of 

890,000 Newtons (200,000 Ibf), LOX and LH2 as propellants. The engine is 
gimbaled for partial thrust vector control and is aligned at the null posi- 
tion with the vehicle centerline. To settle propellants and to complete 
thrust vector control the auxiliary propulsion system (APS) is used which 
consists of two self-contained rocket motor packages attached externally to 
the stage and located 180 degrees apart. The SM contains the service 
propulsion system (SPS) which provides the thrust required for large changes 
in spacecraft (SC) velocity after booster separation. The SPS consists of a 
gimbal-mounted single-rocket engine, pressurization and propellant tanks, 
and associated components, all of which are located in the service module. 
Also located in the SM the reaction control system (RCS) consists of four - 
independent, equally capable, and functionally identical packages. Each 
package contains four reaction control engines, fuel and oxidizer tanks, a 
helium tank, and associated components such as regulators valves, filters, 
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Figure B-1. Saturn V Apollo Flight Configuration 




















lines, and a nucleonic quantity guaging system.. 
B.1.3 Vehicle Systems 


The vehicle systems, those systems which are interrelated throughout the 
vehicle though having in part system and subsystems in certain sections of 
the vehicle, consist of the guidance, navigation and control system, data 
System, separation system, range safety system, command and communication 
System and emergency detection system. 


B.1.3.1 The Data System - The data system consists of the measurement system, 
telemetry system, and tracking system. 
ee The measurement system components are transducers, measuring racks, measur- 
ne ing distributors, measuring rack selectors, and measuring voltage Supplies. 
These components perform the following functions. 


a. The transducers transform the physical quantities being measured into 
electrical signals. 


: oe b. The signal conditioners convert the transducer output into a signal that 
oe is acceptable to telemetry. 


c. The measuring distributors accept the 5-volt Outputs from the signal 
conditioning modules and route them to the proper telemetry channels. 


d. The measuring rack selector is used by the remote automatic claibration 
system (RACS) to select the proper measurement for calibration prior 
to launch. 


e. The measuring voltage supplies provide regulated 5-volt power to the 
measurement system. | 


ee The telemetry system on the.S-IC is composed of six VHF-RF links. These links 

ear, are a combination of three PAM/FM/FM links (AF1, AF2, and AF3), two SS/FM links 
(AS1 and AS2), and one PCM/FM Tink (AP1) incorporated to handle data and ful- 
Fill measurement requirements. These different modulation techniques provide 
efficient transmission of a large quantity and variety of measuring data that 
requires different bandwidth and accuracy. 


The S-II telemetry system has seven VHF-RF links which are a combination of 
three PAM/FM/FM links (BF1, BF2, and BF3), one PCM/FM link (BP1), two SS/FM 
links (BSL and BS2), and one PAM/FM/FM link (BT1). The PAM/FM/FM and PCM/FM 
systems are used for airborne telemetry measurements of relatively low- 
frequency data and SS/FM systems are used for airborne telemetry of high- 
frequency data. That-of the S-IVB requires five VHF-RF links. These links 
combine three PAM/FM/FM links (CF1, CF2, and CF3), one SS/FM link (CS1), and 
one PCM/FM link (CP1). However the Instrument Unit (IU) System is composed 
of four telemetry links. There is one FM/FM (DF1) link, one PAM/FM/FM (DF2) 
link, one SS/FM link (DS1), and one PCM/FM link (DP1). The PCM/FM informa- 
tion is transmitted by a VHF-RF assembly, a UHF-RF assembly, and the Command 


and Communication System (CCS) transponder. The SS/FM and the two FM/FM 
links are transmitted by separate VHF-RF assemblies. 


The tracking system on the S-IC stage is offset Doppler (ODOP) which consists 
of a transponder and two antennas. The IU contains C-band radar providing 
radar tracking independent of vehicle attitude, AZUSA/GLOTRAC which consists 
of a type C-AZUSA transponder and antenna, and the S-band tracking transponder 
and antenna which supply range and range rate data for precise tracking 

during orbit. | 


B.1.3.2 Navigation, Guidance and Control System - The Navigation, Guidance 
and Control (NGC) system is an all-inertial system utilizing a full-freedom 
platform for acceleration and attitude measurements. A digital computer is 
used for guidance computation and an analog computer for the control func- 
tions. The navigation, guidance, and contro] function is achieved by: 


a. A series of attitude, acceleration, velocity, and present-position deter- 
minations. | 


b. The prediction and compilation of velocity corrections required to attain 
a desired space position and attitude. 


c. Generation of proper thrust and vehicle attitude control commands. 


The NGC system issues commands to the attitude control devices of each stage 
during powered flight to guide the Apollo vehicle in accordance with a pre- 
programed mission. 


Before launch, the ST-124M Inertial Platform is erected with the Xs axis 
vertical and Zs axis pointing in the direction of the launch azimuth. Since 
the launch azimuth is varying with time, the platform is torqued to maintain 
this orientation. Just prior to liftoff, the platform is released and becomes 
space-fixed oriented. The Zy axis now determines the flight azimuth. 


The vehicle lifts off vertically from the launch pad and maintains its liftoff 
orientation long enough to clear the ground equipment, It then performs a 
roll maneuver to align the vehicle with the flight azimuth direction (on the 
launch pad, the vehicle always has a roll orientation fixed to the launching 
site) and a yaw maneuver to clear the tower. The roll maneuver gives the 
vehicle control axes the correct alignment to the flight plane thus simplify- 
ing the computations in the attitude contro! loop. 


During first stage propulsion, a time-tilt (pitch) program, stored in the LVDC 
is applied simultaneously with the described roll maneuver. The pitch angle 
of the vehicle is commanded according to the tilt program which is a function 
of time only and is independent of navigation measurements. However, navi- 
gation measurements and computations are performed through the flight, begin- 
ning at the time the platform is released (i.e., approximately 8 to 10 seconds 
before liftoff). Cutoff of the first stage engines occurs when the propellant 
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level in the tanks reaches a predetermined level. Thereafter, the first 
stage is separated from the launch vehicle. 


After ignition of the S-II stage, adaptive guidance (i.e., the iterative 
guidance mode) is used during all propelled flight phases of the mission. 
The iterative guidance mode computes the pitch and yaw angle of the required 
thrust direction to guide the vehicle on a minimum propellant trajectory 
into the predetermined parking orbit. 


S-II stage engine cutoff is initiated when the propellant in the S-II tank 
1s consumed to a predetermined level. Following separation of the S-II 
Stage, the S-IVB stage engine is ignited. By this time the vehicle has © 
reached the approximate orbital altitude and the S-IVB propulsion provides 
the necessary velocity for the circular parking orbit. When the predeter- 
mined velocity has been obtained, the guidance computations command engine 
cutoff. 


During orbital coast flight, the navigation program continually computes 
the vehicle position and velocity from the equations of motion based on 
insertion conditions. Attitude of the vehicle roll axis in orbit is nor- 
mally maintained at 90 degrees with respect to the local vertical. The 
local vertical is determined from navigational computations. The time of 
reignition of the S-IVB engine and the required thrust orientation for 
powered flight-out-of~-orbit are computed during each orbit. 


In orbit, navigation and guidance information in the LVDC can be updated by 
data transmission from ground stations through the IU radio command system. 


When the computed time of reignition occurs, the S-IVB engine is ignited. 
The same guidance equations are used again for the waiting orbit injection. 
The S-IVB propulsion is cut off when the proper energy (velocity) for in- 
jection is achieved. In the following flight phase, up to and through the 
transposition maneuver, navigation and guidance computations continue. 


B.1.3.3 Separation System - After the S-IC and S-II stages are severed by 

a linear-shaped charge, retro motors located in the engine fairings apply 

a net deceleration force to the S-IC stage, sufficient to effect separation 
and prevent the S-IC stage from interfering with the upper stages during 
S-IC/S-II stage separation. The retro motor system is comprised of eight 
solid propellant motors mounted symmetrically in pairs within each of the 
four S-IC stage outboard F-I engine fairings. Each motor burns for approxi- 


mately 0.6 second and produces a thrust of over 409,000 Newtons (92,000 Ib¢). 


A dual plane method is used for S-IC/S-II separation, and a single plane se- 
paration is used between the S-II/S-IVB stages. The separation sequence 

is controlled by the digital computer located in the Instrument Unit. The 
Separation methods may be divided into five functional areas for S-IC/S-II 
and two functional! areas for S-II/S-IVB. 
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a. Acceleration of the vehicle during separation. Propellant settling is 
required to start the engines in the S-II stage during the weightless 
period after first plane separation. This is accomplished by the 
firing of eight ullage motors positioned around the S-II aft interstage. 
The eight ullage motors will burn for approximately 3 seconds and pro- 

fe duce a thrust of 101,400: Newtons (22,800 lb¢) per motor. 
b. Severing S-IC/S-II stages. A linear-shaped charge is used to physically 
sever the stages at the first Separation plane. This function is elec- 
oe trically controlled by the S-IC stage. 
c. Retarding the S-IC stage. Retro motors, controlled by and located on 
the S-IC stage, are ignited to decelerate the stage. 
d. Severing of the S-II interstage at the second separation plane. A 
linear-shaped charge is also used for separation at this plane. This 
Operation is controlled by electrical signals from the S-II stage- 
ee e. Retarding the interstage. After J-2 engine stabilization, the combined 
effect of the S-II stage thrust and the reaction of the J-2 engine ex- 
haust plume impingement forces moves the interstage away from the S-II 
Stage. 


f. Severing of the S-II/S-IVB. A mild detonating fuse is used to physically 
sever the S-JVB interstage at the S-IVB interstage mating plane. This 
action is controlled by the S-II stage. 


g. Retarding the S-II stage. Four retro motors embedded around the S-IVB 
interstage ignite to decelerate the S-II stage for complete separation. 
Ignition is controlled by the S-II stage. 


B.1.3.4 Range Safety System - The range safety command system provides a means 
to terminate the flight of the vehicle by radio command from the ground in case 
of emergency situations in accordance with range safety requirements. Each 
powered stage of the vehicle is equipped with two command receivers/decoders 
and the necessary antennas to provide omnidirectional receiving characteris- 
tics (range safety requirements). The command destruct system in each stage 

is completely separate and independent of those in other stages. In case of 
vehicle malfunctions which cause trajectory deviations larger than specified 
limits, the vehicle will be destroyed by the range safety officer by means 

of the range safety command system. The range safety system is active until 
the vehicle has achieved earth orbit, after which the destruct system is 
deactivated (safed) by command from the ground. 


A destruct command results in shutting down the engines and rupturing the 
propellant tanks of all stages by explosive means. Linear shaped charges 
will rupture the LOX tanks on one side of stage and the fuel tanks on the 
other to minimize propellant mixing and resultant explosions. 
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B.1.3.5 Emergency Detection System - The purpose of the EDS is to sense 
onboard emergency situations which arise during the boost phase of the 
flight. On AS-501 the EDS is flown in an open loop configuration which 
precludes automatic abort. 
| The EDS is comprised of sensors which detect malfunctions, and logic cir- 
cuitry which initiate spacecraft displays and, in two cases, automatic abort 
of the CM. With the exception of the Q-ball, mounted on top of the LET, 
the EDS sensors are located in the launch vehicle. The system's relay logic 
is located primarily in the IU EDS distributor and the CM mission events 
sequence controller. 


The EDS has two modes of operation. "Manual", which generates abort cues and 
"automatic" which initiates firing of the LES, and CM separation in the case 
of the two S-IC engines out or angular overrates during S-IC powered flight. 
The automatic abort initiating portion of the system consists of the launch 
vehicle's rate sensing subsystem, the stage thrust sensing subsystem, and 

the signal distribution and processing hardware which services these devices. 


The angular overrate sensors, three per axis in pitch, yaw, and roll will 
initiate automatic abort of the CM during the period they are enabled 

(liftoff to about 136 seconds) whenever two sensors in any one axis simultane- 
ously indicate excessive rates. Detection of the overrates is made by 

the sensor switch circuitry of the control signal processor in the IU. The 
settings of these angular rate detectors are 5 degrees per second in pitch and 
yaw and 20 degrees per second in roll. The majority voting of the three 
Switch outputs in each axis is done by relay logic in the EDS distributor. 

A valid excess rate decision is forwarded by the EDS distributor to the CM 
mission events sequence controller for abort initiation. 


The S-IC stage engine thrust OK sensors, three per engine on all five 
engines, will also initiate abort during the period they are enabled (lift- 
off to about 135 seconds) when the voted output of the sensors from any two 
engines indicates that the thrust of those engines is below the 89 per- 
cent level. These sensors monitor the F-1 engine fuel inlet manifold 
pressure. Majority voting of the three sensors for each engine is done in 
the EDS distributor. A valid two engines out decision is sent to the 
mission events sequence controller for CM abort initiation. 


B.1.3.6 Command and Communication System - The Command and Communication 
System (CCS) is a phase-coherent receiver-transmitter capable of establishing 
a communication link between the Unified S-Band (USB) ground stations and 

the IU of the launch vehicle. Specifically, the CCS will: 

a. Receive and demodulate command up-data for the LVDA/LVDC in the IU. 


b. Transmit pulse code modulated (PCM) mission control measurements 
originating in the S-IVB and IU to the USB ground stations for 
processing. 


c. Retransmit the pseudo-random noise (PRN) range code that is received 
from the USB ground stations. 


The CCS consists of a transponder, power amplifier, and antenna system. 
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B.2 S-IC STAGE 


The first stage is approximately 42.1 meters (138 ft.) long, 10.1 meters 
(33 ft.) in diameter and has five liquid-fueled F-1 engines each of which gene- 
rates a nominal thrust of 6,700,000 Newtons (1,500,000 Ibe). A bi-propellant 
system of liquid oxygen (LOX) as the oxidizer and RP-] as the fuel supplies 
the engines' burn. The four outboard engines are gimbaled for directional 
control and the center engine is stationary. 


B.2.] S-IC Stage Structure 


The S-IC structure is an assembly of a thrust structure, an RP-1 tank, an 
intertank section, a LOX tank, and a forward skirt which provides an inter- 
face surface for the S-II stage. Attached to the thrust structure are a 
base heat shield, four aerodynamic fins, and four engine fairings. Since 
both propellants are relatively dense, a separate rather than integral tank 
configuration is used. 


The two primary functions of the thrust structure are to redistribute locally 
applied loads uniformly about the periphery of the fuel tank at the Y-ring 
attachment and to support the engines and their accessories, propellant 
lines and retro motors. The base heat shield thermally protects critical 
engine components and base region structural components during flight. Each 
of the four aerodynamically stabilizing fins has a surface area of / m 

(75 ft2). Circumferentially attached, the conically shaped engine fairings 
protect each outboard engine from aerodynamic loads and also house the retro 
motors and engine actuator support structure. The fuel tank is a semi- 
monocoque cylindrical structure closed at each end by an ellipsoidal bulk- 
head. It has a total volume of 680 cubic meters (24,000 cubic feet), in- 
cluding ullage. Antislosh ring baffles are located on the inside wal] of 
the tank, and an antivortex cruciform baffle in the lower bulkhead area. 
Five LOX tunnel assemblies extend through the tank from upper to lower bulk- 
head. The intertank section, composed of skin, longitudinal stringers, and 
circumferential ring frames, is a structural link between the fuel tank 
structure and the LOX tank structure. The LOX tank is structured similiar 
to the fuel tank, but four'helium bottles are attached to the ring baffles, 
and its total volume is 1331 m3 (47,000 ft) including ullage. The forward 
skirt is structured similar to the intertank section but is a structural 
link between the S-IC stage LOX tank top and the S-II stage. External 
longitudinal wiring and pressurization tunnels, semielliptical in cross- 
section and hyperbolically faired at the ends, complete the stage structure. 


B.2.2 S-IC Stage Propulsion System 
The S-IC propulsion system consists of the F-1 engines, oxidizer system, fuel 
system, pneumatic control pressure system, and the camera ejection and purge 


system. Four outboard gimbaled engines and one inboard, fixed-mounted en- 
gine thrust the launch vehicle during first stage boost. 
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The F-1 engine is a single-start, 6,670,000 Newton (1,500,000 Ib¢) fixed- 
thrust, bipropellant rocket which by the addition of a double-walled exten- 
Sion nozzle increases the expansion area ratio of the bellshaped thrust 
chamber from 10:1 to 16:1. At a mixture ratio of 2.27:1, the propellants, 
LOX and RP-1, are supplied to the thrust chamber by each engine's turbopump 
which is driven by the gas generator (GG) exhaust gases. A ground start 
Signal causes LOX to enter the thrust chamber through the opening LOX valve 
by pyrotechnics igniting the gas generator thus turning the turbopump. As 
aie ae the LOX and RP-1 flow into the gas generator the turbopump speeds up increa- 
i Pee sing the propellants pressure. At about 259 N/cm¢ (375 psig), following 
ne ee other start events, fuel enters the hypergol cartridge bursting its dia- 
phram at about 345 N/cmé (500 psig). Hypergol and RP-1 enter the oxygen 
rich thrust chamber and cause spontaneous primary ignition. The RP-1] valves 
open as thrust builds up and the engine achieves mainstage operation. The 
wet a inboard engine is cutoff, IECO, by an instrument unit (IU) signal. Out- 
ee board engines are cut off, OECO, by four optical type LOX-level depletion 
. ' sensors, with fuel depletion sensors as backup, which through their cir- 
cuitry and a timer cause the prevalves to close stopping propellant flow. 
From liftoff to about 135 seconds if any two of the three engine thrust OK 
sensors on each engine's fuel inlet manifold indicate thrust below 89 per- 
cent and this indication accurs on two of the five S-IC stage engines' 
i es manifolds, the Emergency Detection System (EDS) distributor and its circuitry 
gO ae signal in the command module (CM) that an abort initiation condition exists. 
| Each of the four outboard engines is gimbal mounted on the stage thrust 
Structure to provide engine thrust vectoring for vehicle attitude control 
and steering. Two hydraulic actuators are utilized to gimbal each engine 
in response to signals from the flight control computer located in the 
Instrument Unit. The center engine is fixed on the stage centerline. During 
preflight operations, an engine purge system supplies gaseous nitrogen (GN2) 
at certain pressures and flowrates, to those stage and engines' components 
requiring purge. 


The hydraulic system supplies high-pressure fluid (RP-1) from a ground source 
to each engine controling engine start sequence; also, to the four outboard 
engines for checkout of the thrust vector control (TVC) system. During en- 
gine operation, the fluid is supplied from the No. 1 fuel discharge of the 
turbopump assembly through the filter manifold to the servo valve and act- 
uators for TVC; and returns through the checkout valve to the No. 2 fuel 
inlet of the turbopump assembly. The engine control valves are hydrauli- 
cally closed for engine shutdown. 


The stage propellant system is composed of one LOX tank, one RP-1 tank, 
propellant lines, control valves, vents, and subsystems. Liquid oxygen 

is stored allowing for a usable oxidizer supply of 1,390,000 kilograms 
(3,060,000 Ibm). The LOX major subsystems are the fill-and-drain, pressuri- 
zation, and feed systems. The systems' principal functions deliver the 
proper amount of LOX at the correct rate to meet the minimum net position 
Suction pressure (NPSP) requirements at the engine turbopump inlet. 
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The fuel system tank stores a usable supply of 608,400 kilograms 

(1,340,000 Ibm) of RP-1. The systems' principal functions provide the pro- 
per amount of fuel at the correct rate to meet the minimum NPSP requirements 
at the engine turbopump's fuel inlet during startup and flight. Its major 
subsystems are the fill-and-drain, pressurization and feed systems. The 
loading of LOX and RP-1 tanks is controlled by ground computers. RP-1 
loading using the fill-and-drain system takes place prior to the start 

of LOX loading. LOX bubbling begins and continues through LOX loading to 
prevent possible geysering. Approximately 90 seconds before ignition 
command the RP-1 tank is pressurized from a ground source by the fuel pres- 
Surization systems, and about 30 seconds later the LOX tank is pressurized 
by the LOX pressurization system. Up to /2 seconds before liftoff but prior 
to start of automatic sequence ground-source helium 1s bubbled through the 
LOX lines and tank, preventing stratification in the suction lines. After 
liftoff LOX tank ullage pressure is maintained with gaseous oxygen (GOX) 
converted from LOX in the engines’ heat exchangers. Similarly the 

RP-1 tank ullage pressure is maintained but by helium (He) heated by passage 
through the heat exchangers from the four He storage bottles in the LOX tank. 


The camera ejection and purge system was inactive on this mission. 


The S-IC stage electrical system is comprised of the power supply systems 

and the power distribution system. Silver-zinc oxide batteries No. 1, 

power for operating electrical systems, and No. 2, power for instrumentation 
and telemetry, supply stage 28 volt dc power. A static inverter converts 
part of this to ac where required. The power distribution system consists 

of six distributors and the stage switch selector: (1) Main power switches 
external power to internal (stage) for flight, distributes power by buses 

and performs time-sensitive switching; (2) measuring power distributes to 
instrumentation; (3) propulsion system distributes ECO functions from switch 
selector LOX level and range safety cutoff; (4) thrust OK performs logic and 
Se cutoff distribution on engine thrust, distributing the status to the IU; 

ee (5) timer distributes time delays for prevalve closure and engine cutoff back- 
ae a eh up; (6) sequence and control distributes control for exploding bridge wire 
(EBW) firing units, He flow control valves, tape recorder, separation control 
logic and retro motor initiation; and the switch selector decodes LVDA/LVDC 
digital flight sequence commands, and activates the proper stage circuits, 
via the sequence and control distributor, distributing command execution. 


The environmental control system is used to control temperature in the instru- 
mentation canisters, forward skirt compartment, and thrust structure compart- 
ment during preflight operations. The conditioning and purge agent (air until 
3 minutes before LH? loading, gaseous nitrogen thereafter) is provided to 

the stage from central ground supply. 


B.3  S-II STAGE 


The stage is the second of the vehicle and is approximately 24.8 meters 
(81.4 ft) long, 10.1 meters (33 ft) in diameter and has five J-2 engines 


each of which generates a nominal thrust of 890,000 Newtons (200,000 Ib¢). 
The engines’ burn is supplied by a bi-propellant system of liquid hydrogen 
(LH2) as the fuel and LOX as the oxidizer. The four outboard engines are 
gimbaled for directional control and the center engine is stationary. 


B.3.] S-II Stage Structure 


The stage airframe is comprised of a forward skirt, an aft skirt with thrust 
structure and heat shield, liquid oxygen (LOX) and hydrogen (LH) tanks, 
an aft interstage structure, and a system tunnel. 


The aft interstage is a semimonocoque structure housing the five J-2 engines. 
It is approximately 5.56 meters (18.3 ft.) in length and is made of two 
parts. One 0.58 meters (2 ft.) part from vehicle station 1541 to 1564 - 
remains with the S-IC stage at S-IC/S-II first plane separation. The other 
part, 4.89 meters (16.3 feet) long from vehicle station 1564 to 1760, is. 
ee separated from the S-II stage at second plane separation. The aft skirt 
a and thrust structure includes an engine mounting frame, a center engine SUD- 
ne ae port assembly, a cone-frustum thrust structure, cylindrical aft skirt, and 
ee, a heat shield. It is 2.24 meters (7.3 ft.) long. The liquid oxygen tank is 
10 meters (33 ft.) in diameter and 7 meters (22 ft.) in height formed by 
joining ellipsoidal shaped fore and aft halves. The forward half is a 
common bulkhead exposed to liquid oxygen on one side and liquid hydrogen on 
_the other and is a sandwich structure with an insulation core (phenolic 
impregnated fiberglass) to minimize heat transfer. Inside the tank are 
antivortex and slosh suppression baffles. The LOX tank has a capacity 
of approximately 309 cubic meters (10,900 cubic feet). The liquid hydrogen 
tank measures 17 meters (56 ft.) in height, 10 meters (33 ft.) in diameter 
and has a capacity of 1005 m3 (35,500 ft3). Antivortexing baffles are pro- 
vided at the outlet ducts. An ellipsoidal forward bulkhead, together with 
the common bulkhead, complete the tank enclosure. The tank sidewalls are 
insulated with a sealed, plastic honeycomb core partially filled with poly- 
urethane foam. The upper bulkhead is also insulated externally in the same 
manner as the tank sidewalls. The forward skirt structure includes provisions 
for installation of flush mounted range safety and telemetry antenna. The 
systems tunnel is attached vertically to the outside wall of the Stage. 
It protects and supports instrumentation, wiring, and tubing connecting 
system components located at both ends of the stage. Cabling which 
connects the S-IC stage to the Instrument Unit also runs through the 
tunnel. 


B.3.2 S-II Stage Propulsion System 
The S-IT propulsion system consists of the engine, fuel, oxidizer, leak de- 


tection and insulation purge, engine compartment conditioning, propellant 
Management, pneumatic control pressure and the camera ejection systems. 


The engine system consists of five J-2 rocket engines using LOX and LH» 

for propellants. Four are located outboard, the fifth on the stage center- 
line and each vertically lined with the corresponding S-IC stage F-1] engine. 
The center engine is stationary, the outboard engines are gimbaled allowing 
thrust vector control. The J-2 rocket engine is a high performance 

890,000 Newtons (200,000 Ib¢) thrust engine using LOX and LH2 at a mixture 
ratio of 5.0:1, but can vary to as low as 4.5 for the desired propellant 
utilization at stage cutoff. It features a tubular-wall, bell-shaped thrust 
chamber (27.5:1 expansion ratio), and two independently driven, direct- 
drive turbopumps powered in series by a single gas generator. 


The LHo fuel system consists of a fuel feed system, pressurization system, 
recirculation system, and a fill-and-drain system. The fuel feed system 
furnishes LH? to the five J-2 engines and includes five 8-inch vacuum- 
jacketed feed ducts and five normally-open prevalves. Also,.five engine 
cutoff sensors are located in the LH» tank to provide depletion signals for 
engine cutoff. The LOX fill and drain system provides for filling and drai- 
ning through a quick-disconnect coupling, fill and drain duct, and fill and 
drain valve. Loading sensors monitor the LOX level to assure loading to 

the desired mass. The leak detection and insulation purge system detects 
hydrogen or air leaking into the LH» tank external insulation (accomplished 
by passing helium purge gas from asf through honeycomb insulation and back 
to a gas chromatograph for analysis). The engine compartment conditioning 
system maintains proper temperature control in the S-II aft compartment and 
purges it prior to tanking and whenever propellants are on board. The 
propellant management system maintains closed-loop control of the LOX flow- 
rate to each engine thus controlling the engine mixture ratio (EMR). The 
system also controls propellant loading, maintains propellant level during 
countdown, provides telemetry system propellant mass indication signals, and 
Signals depletion of either propellant thus initiating engine cutoff. The 
pneumatic control pressure system provides onboard pressurized He for propel- 
lant system valve actuation and engine purges in flight but for preflight 
the system He source is ground supply. Two other onboard He spheres pro- 
vide gaseous helium (GHe) to the camera ejection system which ejects the 
two cameras. At an altitude of 4300 meters (14,100 ft) a paraballoon is in- 
flated, stabilizer flaps fall away, a recovery radio transmitter and flas- 
hing light beacon turn on, the antenna deploy, and upon impact dye marker 
and shark repellant are released. Operation of the J-2 engine consists of 
prestart, start, steady-state operation and cutoff sequences. During pre- 
start, LOX and LHo flow through the engine to temperature-condition engine 
components, and assure the presence of propellant in the turbopumps for 
Starting. After timed cooldown, the start signal is received by a controller 
which causes the propellant valves to open in the proper sequence. The 
controller also energizes spark plugs in the gas generator and thrust chamber 
igniting the propellant and it releases GH» from the start tank providing 
the initial drive for the turbopumps which deliver propellant to the gas 
generator and the engine. The propellant ignites, gas generator output 
accelerates the turbopumps, and engine thrust increases to main stage opera- 
tion at which time the spark plugs de-energize and the engine is in 
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Steady-state operation. This condition is maintained until a cutoff signal 
is received by the sequence controller which then causes the engine propel- 
lant valves to close in the proper sequence resulting in engine thrust decay 
and the cutoff sequence is complete. Each outboard engine has an identical 
hydraulic system for gimbaling. Major system components include an engine- 
driven main pump, an auxiliary electric motor-driven pump, two electrically 
controlled, hydraulically powered servoactuators, and an accumulator reser- 
voir manifold assembly. During S-IC powered flight, hydraulic lockup valves 
are closed, holding the engines in a "toed in" position. After S-IC/S-II 
Stage separation, a signal unlocks the accumulator lockup valves releasing 
high-pressure fluid to each of the two servoactuators. This fluid provides 
gimbaling power prior to main hydraulic pump activation, which is driven 
directly from the accessory drive of the engine LOX pump. Activation pro- 
vides actuator power during S-II powered flight. 


The S-II stage propellant system is composed of integral LOX/LH» tanks, 
propellant lines, control valves, vent, and prepressurization subsystems. 
Loading of propellant tanks and flow of propellants is controlled by the 
propellant utilization (PU) system. The LOX/LHa tanks are prepressurized 
by ground source gaseous helium. During powered flight of the S-II Stage, 
the LOX tank is pressurized by GOX bleed from the LOX heat exchanger. The 
LHd tank is pressurized by GHo bleed from the thrust chamber hydrogen in- 
jector manifold and pressurization is maintained by the LH» pressure regu- 
lator. The propellant management system controls loading and engine | 
mixture ratios (LOX to LHo) to ensure balanced consumption of LOX and LHo. 
Capacitance probes mounted in the LOX and LH» containers monitor the mass 
of propellants during powered flight. At PU activation (5.5 seconds after 
J-2 ignition) the capacitance probes sense the LOX to LH? imbalance and 
command the engine to burn at the high rate engine mixture of 5.5:1. When 
the high mixture ratio is removed, the PU system then commands the engine 
to burn the reference mixture ratio of 4.7:1, striving for simultaneous 
depletion of LOX and LH for maximum stage performance. Engine cutoff is 
initiated when any two of the five capacitance probes in either tank jindi- 
cate dry. 


The S-IT stage electrical system is comprised of the power supply system 

and the power distribution system. Four silver-zinc oxide batteries supply 
28 volt dc and 56 volt dc internal power to the stage. The J-2 engines, 
Separation, propellant, flight control, pressurization and one EDS and 

range safety systems use 28 volt dc from the main battery. Telemetry, 
instrumentation, tracking and the other EDS and range safety systems use 

28 volt dc from the instrumentation battery. Five inverters convert 56 volt 
dc from two batteries to 42 volt ac, 3 phase, 400 cps supplying the LH2 
recirculation pumps' induction motors. J-2 engine 28 volt dc ignition 

power comes from one of these batteries. The power distribution system 
consists of the power transfer switches, distributor buses, Sequence contro- 
Ter, separation controller, and the stage switch selector all of which 


distribute the power from the batteries. The switch selector decodes 
LVDA/LVDC digital flight sequence commands and, via the electrical sequence 
controller for the stage systems and the separation sequence controller 

for the separation systems, activates the proper circuits. 


During propellant loading and later pre-launch operations the stage environ- 
mental control system (ECS) purges the engine and aft interstage area using 
warm ground GN» and the engine compartment conditioning system, and it 
Supplies temperature control and inert gas to the engine compartment elec- 
tronic equipment containers up to liftoff. 


B.4 S-IVB Stage 


The third stage is approximately 18 meters (59 ft.) long, 6.6 meters (22 ft.) 
in diameter and has one liquid-fueled multiple-start J-2 engine, having a 
nominal thrust of 890,000 Newtons (200,000 Ib¢) and gimbaled for stage direc- 
tional control. The stage has an auxiliary propulsion system (APS) providing 
attitude control and restart propellant settling during engine-off periods. 

A bi-propellant system of liquid hydrogen (LH2) as the fuel and liquid oxygen 
(LOX) as the oxidizer supplies the J-2 engine burn. 


B.4.] S-IVB Stage Structure 


The S-IVB structure is the assembly of an aft interstage, an aft skirt, a 
thrust structure, an integral propellant container, and a forward skirt. 


The aft interstage assembly provides structural interface between the S-IVB 
Stage and the S-II stage. It is a truncated cone in shape. The aft skirt 
assembly, is a cylinder 2.17 meters (7.1 ft.) long and provides the structu- 
ral interface between the propellant tank and the aft interstage. The thrust 
Structure assembly consists of an inverted, truncated cone, |.5/ meters 

(5 ft.) high with a base diameter of 4.27 meters (14 ft.) and a top diameter 
of 0.86 meters ( 3 ft.). Access to the inside of the thrust structure is 
provided by two doors. To conserve stage length the propellants are con- 
tained in an integral container. The propellant tank assembly consists of 

a cylindrical tank 6.6 meters (22 ft.) long and 6.4 meters (21 ft.) in 
diameter, with a hemispherical-shaped dome at each end, and an intermediate 
Spherical radius common bulkhead. The LHa tank is internally insulated with 
type 3-D polyurethane foam on the forward dome and the cylindrical section. 
The common bulkhead separating the tanks consists of a fiberglass honeycomb 
core adhesively bonded between two aluminum domes. Antislosh baffles are 
installed in the LOX and LH? tanks. Each tank contains a hinged screen at 
the tank outlet which acts as a propellant antivortexing device and filter. 
Under low "G" conditions, the screen opens preventing the accumulation of 
gas bubbles below the screening. The LOX and LH» tanks have capacities of 
79 and 294 m3 (2800 and 10,400 ft3), respectively. Cylindrical in shape, 
the forward skirt extends 3.1 meters (10 ft.) forward from the intersection 
of the LHa tank sidewall and the forward dome, providing a hard attach 

point for the instrument unit (IU). 


ee 


B.4.2 S-IVB Stage Propulsion System 


The stage propulsion system has two propulsion subsystems. The main propul- 
Sion system consists of a single, bi-propellant J-2 engine, fuel system, 
oxidizer system, and a propellant management system. The auxiliary propul- 
Sion system (APS) is provided to control the vehicle attitude during S-IVB 
operation, and position the propellants in the stage after S-II/S-IVB Sepa- 
ration. Of two APS, each is a packaged system. 


This J-2 engine is a gimbaled high performance, multiple-start engine utili- 
zing two pump-fed propellants and therefore two independently driven direct- 
drive turbopumps. In a series sequence the gas generator (GG) hot exhaust. 
gases are directed first to the fuel and then to the oxidizer turbopump tur- 
bine inlet which provides optimum speed. The engine has a tubular-walled, 
bell-shaped thrust chamber. At altitude the engine produces a nominal 

thrust of 890,000 Newtons (200,000 Ibf¢) at a LOX to LHo mixture ratio 

(EMR) of 5:1 but can operate as low as 4.5:1 when the reduction of propellant 
residuals at engine cutoff (ECO) is desired. 


The LHp fuel system consists of feed, pressurization, recirculation, fill- 
and-drain and vent control systems. Through a single suction duct in which 
the prevalve is located, the feed system supplies turbopumped LH» to the 
engine. The prevalve backs up the main fuel valve and controls recirculation 
during chilldown. Starting at pre-launch automatic sequence the recircula- 
tion system pumps LHo from the tank through feed system bleed valves, suction 
duct, turbopump and the tank return line up to just before first burn and 
again at repressurization up to just prior to second burn. This keeps the 
fuel feed system chilled down for engine start. During both engine burns, 
the fuel pressurization system Supplies LHg tank pressurization gas from LH9 
converted to GH» by the engine heat exchanger; but during engine-off periods 
GHe is used, first during pre-launch from a ground Supply and second during 
orbital coast by seven storage spheres used to Support second burn start 
requirements. The seven attach to the thrust structure. 


Because the venting of the LH» tank gases is used to settle propellants 
during the coast period, the vent control system directs the LHo ullage 
gas In three modes: (1) during pre-JTaunch through the quick-disconnect to 
the burn pond, (2) inflight through the nonpropulsive vents and (3) during 
coast starting at approximately 78 seconds after first burn ECO, through 
the propulsive vents. 


The oxidizer system consists of LOX feed, pressurization, recirculation, 

fill and drain, and vent control systems. Through a single suction duct in 
which the prevalve is located the feed System supplies turbopumped LOX to the 
engine. The prevalve backs up the main oxidizer valve and controls recir- 
culation during chilldown. Starting at LOX tank prepressurization the 
recirculation system pumps LOX from the tank through the feed system bleed 
valves, suction duct, turbopump, flowmeter and tank return line up to just 
before first burn ignition and again at repressurization up to just before 


second burn ignition. This keeps the LOX feed system chilled down for 

engine start. During both engine burns, the LOX pressurization system sup- 
plies LOX tank pressurization gas, from eight cold GHe storage spheres in 

the LH2 tank, and warmed by the engine heat exchanger, but during pre-launch 
ground GHe is used; and during coast ambient GHe, from two high pressure LOX 
tank repressurization spheres for second burn engine restart requirements, 

is used. The LOX fill and drain system provides for LOX filling and draining 
through a quick-disconnect coupling, fill and drain duct, and fil] and drain 
valve. The system also serves as an exit for the GN2 and GHe used for LOX 
tank purging prior to LOX loading. A continuous capacitance probe monitors 
the LOX level to enable loading to the desired mass. The LOX tank vent con- 
trol system provides for LOX tank venting during LOX loading and flight. 

At initiation of LOX loading, the LOX tank vent and relief valve is actuated 
to the vent position. Vent gas flows from the LOX tank through the vent 

and relief valve, the overboard vent line, and then to the atmosphere. The 
propellant management system includes ground and onboard electronics, contin- 
uous capacitance probes, a propellant utilization (PU) valve, and discrete 
liquid level sensors. The system assures simultaneous depletion of propel- 


lant accomplished by controlling the flowrate to the engine. Thus propellant 
loading errors and/or deviations in propellants due to vehicle flight behavior 


can be corrected and the proper proportion of LOX and LH? can be maintained 
onboard. The system also controls propellant loading, maintains propellant 
level during countdown, initiates propellant mass indication telemetry Sig- 
nals and initiates the propellant depletion signal thereby initiating ECO. 

At PU activation (6.3 seconds after first time J-2 ignition and 5.0 seconds 
after second time J-2 ignition) the capacitance probes sense the LOX to 

LHa imbalance and command the engine to burn at the high rate engine mixture 
ratio of 5.5 to 1. When the high mixture ratio is removed, the PU system 
will then command the engine to burn the reference mixture ratio of 4./:1. 
J-2 engine operation is included in Section B.3.2. The auxiliary propulsion 
system (APS) controls the vehicle attitude during S-IVB operation, and posi- 
tions the propellants in the stage after S-II/S-IVB separation. Nitrogen 
tetroxide (N204) and monomethyl hydrazine (MMH) are the APS propellants. 
These propellants are hypergolic and require no ignition system. The APS 
system is composed of two modules located 180 degrees apart on the aft skirt 
assembly. All requirements are supplied from within the modules except the 
electrical signals which are required from the stage. Each module contains 
three ablative cooled, 667 Newton (150 lb¢) thrust, attitude control engines; 
and one ablative cooled, 311 Newton (70 Ibr¢) thrust, ullage positioning en- 
gine. The attitude control engines control S-IVB roll during engine burn; 
and pitch, yaw, and roll during orbital coast. The ullage positioning engine 
fires to assure the presence of liquid propellants at the J-2 engine pump in- 
lets during engine chilldown and restart, and to settle the propellants prior 
to propulsive venting to prevent the loss of liquid propellants through the 
vent systems. 


Engine gimbaling is accomplished by an independent, closed-loop, hydraulic 
control system consisting of an engine-driven main pump, an auxiliary elec- 
tric motor-driven pump, two electrically controlled, hydraulically powered 


servoactuators, and an accumulator reservoir. During S-IC and S-II powered 
Flight and coast, the auxiliary pump is operating to position the J-2 engine 
in the null position and to thermally condition the hydraulic fluid. The main 
hydraulic pump, driven directly from the accessory drive pad of the engine 

LOX pump, provides actuator power to control] pitch and yaw during S-IVB pow- 
ered flight. 


The S-IVB stage electrical system is comprised of the power supply system and 
the power distribution system. Three 28 volt dc and one 56 volt dc silver- 
Zinc oxide batteries supply internal power of 28 volt de to instrumentation, 
Switch selector, two range safety command systems, a static PU inverter con- 
verter, engines, APS, sequencer, pressurization, ullage motor ignition and 
jettison; and supply 56 volt dc to the auxiliary hydraulic pump motor and two 
chilldown inverters which supply ac power to the two recirculation pump motors. 
The power distribution system consists of the forward power distributor, aft 
power distributors, forward control distributor, aft control] distributor, 
sequencer, and switch selector. The power distributors distribute the four 
batteries' power. The control distributors provide distribution paths during 
tests and countdown. The switch selector consists of electronic and elect- 
romechanical components which decode digital flight sequence commands from 
the LVDA/LVDC and activate the proper stage circuits (through the stage 
sequencer) to execute the commands. The stage sequencer operates upon re- 
ceipt of discrete inputs from the switch selector, and other S-IVB stage 
subsystems, and initiates S-IVB flight functions by supplying or removing 
power from the appropriate equipment. 


The aft skirt and interstage environmental control system provides thermal 
conditioning of the atmosphere, during ground operations, around electrical 
equipment in the aft skirt; thermal conditioning of the APS, hydraulic 
accumulator reservoir, and ambient helium bottle; purging of the aft skirt, 
aft interstage and thrust structure, and the forward skirt of the S-II 

stage of oxygen and combustible gases. Temperature controlled air or GNo 

is supplied at the rate of 3500 scfm to accomplish the thermal conditioning. 
The air purge is initiated at LOX loading. GN2 flow is initiated at LH9 
loading and terminated at umbilical disconnect. 


B.5 Instrument Unit 


The instrument unit (IU) is an assembly approximately 6.6 meters (21.7 ft.) 
in diameter and 1.1 meters (3 ft.) high. The unit houses most of the criti- 
cal electronic components of the data system, guidance, navigation and con- 
trol system, separation systems, safety systems and emergency systems as 
well as many subsystems. Section B.1 describes these systems. 


B.5.1 Instrument Unit Structure 
The IU structure consists of three arc segments (numbered 601, 602, and 603) 


of sandwiched honeycomb. The three arc segments are joined with splice plates 
bolted to the skin and the channel ring segments, thus forming a single unit 


of honeycomb construction. Brackets are bonded to the inner skin to provide 
mounting surfaces for 16 cold plates, which are 30 inches square. A coolant 
fluid is circulated through the cold plates to dissipate heat generated by 
the electrical components mounted on them. This arrangement provides clear- 
ance for the landing gear of the lunar module to be included in later missions, 
and for the forward bulkhead of the S-IVB hydrogen tank which extends into 
the IU. A honeycomb-constructed access door provides access to components 
ea within the IU after the IU is assembled as part of the vehicle and has been 
ae ae designed to act as a load-carrying part of the structure in flight. In ad- 
oo, dition, the structure contains an umbilical door which is spring loaded and 
will close after retraction of the umbilical arm at liftoff. The IU struc- 
ture provides a path for static and dynamic loads resulting from the payload 
above the IU. 


B.5.2 Instrument Unit Electrical System 


foe tae The IU electrical system is comprised of the power supply system and the 
ee power distribution system. The power supply system consists of four 28 volt 
dc silver-zinc oxide batteries supplying power to the IU power distributors 
for distribution to the various IU systems; a 56 volt dc power supply which 
receives power from the IU power distributor and provides operating voltage 
to. the ST-124M gyro, accelerometer servoloops and the accelerometer signal 
conditioner; and an ac power supply. The power distribution system consists 
of the power distributor, two auxiliary power distributors, control distribu- 
tor, EDS distributor, timer measuring distributors, and switch selector. 

The power distributor receives power from the four 28-volt batteries and 
distributes power to the various IU systems through the power supplies and 
other distributors. It contains the power transfer switch which accomplishes 
the switch from external to internal power. Two auxiliary power distributors 
take power from the power distributor and distribute it to the astrionics 
equipment. One auxiliary distributor connects directly to the astrionics 
equipment, while the other connects directly to the astrionics equipment 

and also feeds the measuring distributors and the EDS distributor. The con- 
trol distributor provides a means of routing signals between the flight 
control computer and other elements of the flight control system. The EDS 
distributor contains the relay logic needed to monitor and interpret emergency 
indications and to issue the appropriate commands. The timer is a 40-second 
EDS cutoff enable timer. The measuring distributors route 5-volt dc power 

to the various transducers in the IU. The IU switch selector decodes digital 
flight sequence commands from the LVDA/LVDC, and activates the proper cir- 
cuits to execute the commands. 


B.5.3 Instrument Unit Environmental Control System 

a The environmental control system provides the thermal control of critical 
components by circulating or dissipating heat energy; it also has the cap- 
ability of providing thermal-conditioned, pressure regulated nitrogen to 
the inertial platform of the guidance and control system. 


The compartment purge system provides an inert, temperature controlled 
atmosphere within the Instrument Unit and S-IVB forward skirt prior to 
launch. Cooling air is forced into the instrument unit to maintain a com- 
partment temperature of 60 to 80° F. The air supply is changed to gaseous 
nitrogen 30 minutes prior to liquid hydrogen loading. The gaseous nitrogen 
(GN>) system is used by the gas bearing of the ST-124M Stabilized Platform 
and as a pressure supply for both the methanol/water reservoir and the water 
accumulator of the thermal conditioning system. The GN> is stored in three 
high-pressure containers located in the instrument unit spheres. The ther- 
mal conditioning system absorbs heat generated by electronic components. 

The various electronic components are mounted on thermal-conditioned panels 
(cold plates) which are maintained at a maximum of 80° F. The environmental 
coolant is pumped from a methanol/water reservoir to the cold plates, heat 
exchanger, stable platform, data adapter, and digital computer tn the instru- 
ment unit and the S-IVB stage. The coolant absorbs heat from this equipment, 
dissipates the heat through a heat exchanger (prior to launch) or sublimator 
(after the initial launch phase), and returns to the methanol/water reservoir. 


B.6 SPACECRAFT 


Spacecraft 017, for mission AS-501 is composed of a Launch EScape Tower, 
Command Module, Service Module, Lunar Module Adapter and a Lunar Module 
test article. 


B.6.1 Spacecraft Structure 


The command module (CM) consists of an inner structure, or pressure vessel, 
an an outer structure. A layer of insulation separates the inner and outer 
structures. The heat shield (outer structure) consists of a forward heat 
shield, a crew compartment heat shield, and an aft heat shield. Ablative 
material is bonded to the heat shield stainless steel honeycomb structure. 
The service module (SM) is a cylindrical shel] made up of aluminum honeycomb- 
Sandwich panels and forward and aft bulkheads. The SM propulsion engine gim- 
bal is attached to the aft bulkhead. Below the SM gimbal, the engine nozzle 
extends into the adapter area. The lunar module adapter joins the SM to the 
S-IVB/IU and encloses the lunar module test article. 


B.6.2 Spacecraft Subsystems 
Spacecraft Subsystems include the following: 


-Launch Escape Subsystem 
Emergency Detection Subsystem 
Electrical Power Subsystem 
Master Event Sequence Controller 
Environmental Control Subsystem 
Communication Subsystem 
Instrumentation Subsystem 
Stabilization and Control Subsystem 


service Propulsion Subsystem 
Reaction Control Subsystem 
Earth Landing Subsystem 
Mission Control Programer 
Impact and Recovery Subsystem 
Structure Subsystem 

Heat Shield 
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APPENDIX C 
MISSION OBJECTIVES 


The mission objectives for flight AS-501 are defined in the SA-501 Launch 
Vehicle Mission Directive document. These objectives are listed in Table C-] 
and are identified as either Primary or Secondary by the letters (P) or (S) 
respectively. Primary objectives are those which are mandatory, and any 
condition which would result in failure to achieve these objectives would be 
cause to hold or cancel the mission until the condition has been corrected. 
Secondary objectives are those which may be cause to hold or cancel the 
mission as directed in the Mission Rules. 


Table C-1. SA-501 Launch Vehicle Flight Objectives 





















MISSION OBJECTIVES CATAGORY 





Demonstrate structural and thermal integrity of 
launch vehicle throughout powered and coasting 
flight, and determine in-flight structural loads 
and dynamic characteristics. 


Determine in-flight launch vehicle internal 
environment. 


Verify pre-launch and launch support equipment com- 
patibility with launch vehicle and spacecraft 
systems. 


Demonstrate the S-IC Stage propulsion system and 
determine in-flight system performance parameters. 


Demonstrate the S-II Stage propulsion system in- 
cluding programmed mixture ratio shift, pro- 
pellant management systems, and determine in-flight 
system performance parameters. 


Demonstrate the S-IVB Stage propulsion system in- 
cluding the propellant management systems, and 
determine in-flight system performance parameters. 


C-] 


wee, 


Table C-1. SA-501 Launch Vehicle Flight Objectives (Continued) 


MISSION OBJECTIVES CATAGORY 


Demonstrate the launch vehicle guidance and control 
system during S-IC, S-II, and S-IVB powered flight. 
Achieve guidance cutoff and evaluate system accuracy. | 


Demonstrate S-IC/S-II dual plane separation. 
Demonstrate S-II/S-IVB separation. 


Demonstrate launch vehicle sequencing system. 


Demonstrate compatibility of the launch vehicle and 


Evaluate performance of the Emergency Detection 
System (EDS) in an open loop configuration. 


Demonstrate the capability of the S-IVB auxiliary 
propulsion system during S-IVB powered flight and 
orbital coast periods to maintain attitude control 
and perform required maneuvers. 


Demonstrate the adequacy of the S-IVB continuous 
vent system while in Earth orbit. 


Demonstrate the S-IVB Stage restart capability. 


Demonstrate the mission support capability required 
for launch and mission operations to high post- 
injection altitudes. 


Determine launch vehicle powered flight external 
environment. | 


Determine attenuation effects of exhaust flames on 
R.F. radiating and receiving systems during main 
engine, retro, and ullage motor firings. 
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APPENDIX D 
PREFLIGHT VERSUS POSTFLIGHT COMPARISONS 
OF INSERTION AND INJECTION CONDITIONS 


Preflight predicted parking orbit insertion and waiting orbit injection con- 
ditions are compared with postflight results in Tables D-1l and D-2. Predic- 
ted nominal parameter values are shown as well as predicted 3-sigma envelopes 
based upon predicted launch vehicle, subsystem, and environmental 3-sigma 
tolerances and dispersions. Preflight predicted trajectory evaluation un- 
certainties are shown. These values reflect a preflight estimation of the 
overall uncertainties expected in the postflight trajectory determination. 
Total parameter dispersions shown are the algebraic sums of the predicted 
positive and negative system dispersion envelopes and evaluation uncertain- 
ties. Comparison of the last two columns in each table shows that the actual 
insertion and injection conditions lie within the preflight predicted en- 
velopes for all parameters shown. 
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